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The objectioiis to a fausscbray are as follows. After an 
enemy's first batteries are open(jxl> the men posted in it are liable 
to be destroyed, iir»t only by enfilading shot and shj^lls^ but also by 
the rubbish and splinters of the interior revetment wbiefa is imme- 
diately behind them ^ and which, when effectually br^chedji may 
bury the whole or the greater part of the tcrreplein of tbe fausse- 
bray under its ruins. Owing to the small relief of tins work, 
which has no command over the glacis, it is also incapable of 
impeding a besieging army by its fire, in their more distant opera- 
tions, nor can it even sec them, until they are established near the 
crest of that work, on the brink of the covered way. Moreover 
experience has sliow'ii, and the same w^ill indeed appear evident 
on a very little reflection, that, in case of an attack by assault or 
olberwise, one high reveted scarp is much preferable to two low 
ones. For these reasons, the use of a continued faiissebray was 
gradually abandoned. 

Still it was considered of importance, that some parts of the 
main inclosure should be able to oppose the enemy’s progress 
by a double line of fire, and therefore cavaliers, double flanks, 
and tenails, were generally adopted in preference, 

A CAVALiKR denotes any work constructed within another, and 
raised to such a height above it, as to be able to fire conveniently 
over it. 

Cavaliers are seldom or never erected behind curtains, but it is 
very common to place them in bastions, and more especially in 
full bastions. 

To explain the nature of these 
works, we shall first draw part 
of the outline of a regular for- 
tress, consisting of two bastions 
and a curtain. 
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The cavalier is usually constructed of the same form as the 
bastion itself, having two faces and two flanks, parallel to those of 
the bastion. 

Draw two cavaliers, accord- 
ingly, one in each bastion of 
your figure, and complete the 
form of them, by inclosing them 
at the gorge. 

Sometimes a cavalier is merely raised above the level of the 
tercepleiii of a full bastion, without any intermediate ditch in front 
of it. 

In that case, the section of the work, if reveted, will resemble 
that of the interior rampart and faussebray of the former system ; 
so much so, that the first figure of this chapter, may serve equally 
well to represent a section through the face or flank of a bastion 
constructed with a cavalier of the above description. And 
indeed, the interior line of a place fortified with a faussebray may 
be considered as a kind of continued cavalier. 

There is however a great difference in the relief of the two 
sections, that of the cavalier bastion being the boldest, so much 
so, that both the upper and lower parapets of this system have a 
considerable command above the glacis and ..urrounding country, 
whilst the parapet of the faussebray has no effectual command 
whatever over either of them, as was before explained. 

Sometimes a cavalier has a ditch in front of it, and then it may 
serve not only to firo over the bastion, but also as a retrenchment 
for that work. 



Here it is proper to remark, that the term retrenchment 
implies any interior work, which is constructed within or in rear ’ 
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of anotlier, for the purpose of strengthening it; and A wokk, 
which is so strengthened, is said to be retrenched. 

The term intrenchm ent, on the contrary, implies an inde- 
pendent work, constructed in the open field, without a reference to 
the support of any oilier adjoining w^ork, immediately in front of it, 
to which it can be considered subservient. 

Having made these necessary definitions, we shall proceed with 
our subject. 

When a cavalier is used as a retrenchment for the purpose of 
slopping an enemy’s progress, in case he should effect a practi- 
cable breach near the point of the bastion ; in addition to its own 
ditch, wliicli is essentially necessary, there must also be two other 
ditches councct(‘d with it, which being cut right across the terre-^ 
plein of the bastion on each side of the cavalier, serve to interrupt 
the coiiiinunication, so as to prevent tlic besiegers, after storming 
the breach, from being able to penetrate any further. 

Tliese ditches, as well as that of the cavalier, have usually reveled 
scarps and counterscarps; and their scarp is surmounted by a 
proper parapet, which may serve either for cannon or musquetry, 
and which is usually of the same height nearly, as that of the body 
of tlie place. 

The works, thus constructed, on each side of a cavalier, are called 
evTS, and it is to be observed that the same term is always used 
in speaking of any very short line of work, formed for a similar 
purpose. 

To exemplify ' this kind of 
obstacle, in your present figure, 
you will draw right lines from 
the shoulders of your cavaliers 
to the faces of the opposite bastions, in a direction perpendicular 
to the latter, or nearly so. 
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These last drawn lines will represent the scarp lines of cuts, 
which may be formed hi support of }’our cavaliers. It is to be 
observed, however, that the parapet or scarp line of a cut is not 
always laid out in one continued right line. Sometimes it may 
be constructed with one half of it more retired than the other ; the 
two portions of it, when thus formed, being neaily parallel, and 
joined by a right line, called a uetkrat, which may he made 
perpendicniar to tliem, or ncaily so. 




i\—j 
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^ Alter the cuts in your left 
bastion accordingly, forihiug 
them in two portions connected 
by retreats, in the manner whicli 
has just been c:splained, and let that part of each, which adjoins to 
the cavalier, be the most retired. 

This being done, complete ^ 

your figure by drawing th(‘ 
ditches, obsenlng, however, that 
no ditch is necessary, and con- 
sequently none must be represented, in those parts of each cava- 
lier, which are in rear of the cuts. 



Cavaliers serving also as retrenchments, such as those shown in 
our present figure, aic called df.fen.siblk cavaliers, in order 
to distinguish them from the common cavaliers, before 
described, which have no ditches in front of them, and are not 
supported by cuts. 

In large bastions, the distance between the scarp line of the 
faces of a defensible cavalier, and the interior crest of the parapet 
!of the faces of the bastion, in which it is constructed, should not 
be much less than about SO yards ; otherwise it would not allow 
sufficient space for the terreplein of the bastion aud ditch of the 
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cavalier, neither of which should be less than 10 yards wide, if pos- 
sible : nor should the above distance exceed 2G yards, because in 
that case, the cavalier could not have a proper command over the 
glacis, unless it were raised to a very inconvenient height."*^ 

It was before stated, that the terreplein of the bastions is entirely 
rut through by the ditches of the cuts adjoining to the cavalier. 
Tliese ditches arc therefore covered in flank by the scarp revet- 
ment only, wbicli may there be formed with a ridge at top, like 
that of a batardean, in order to prevent an enemy from penetrating 
over it. 


• In a forlross, Iia^iiijr ]>ri)filcs of so bold a relief as those explained in 
riiaplerVI, and Male iid, of this work; if ea\aliers were eonstnicled 
within llj« basiions al the distance (d‘ C.‘(i }aids, it would he neecssar} to 
gi'^e the parapet of eaeh ea>aiiei' a coiiiiriund of at least 11 feet 0 inches, 
over that ol the l»od;v of the plaee ; otherwise it would uol be able to lire 
upon the foot of the glacis, v\ithoiit iiieomniotliu^' the defenders of lix bas- 
tion ill front of it. Now' as (he bastion itself, aixordin^* to the abo'ic 
proflies, has a command of i?5 feet 6 iiielii's o\er the eonulry, the total 
height of our supposed defetLsihle caxalirr would be no less tlian 40 feet 
above the ground line; and t»f course, b\ iuereasiug the disbur'c, the relief 
of the cavalier w ould also require to be increased in pnquu non, in order to 
pnxliiee an equally plunging fire. 

If, however, the object of ha\iiig a eoinbiried fire, from the ca\a!icr iind 
bastion, upon the glacis, .should he giieii up, and the Ibrmm' is supposed to 
act against the enemy ^s m oe distant works only, tlien a less c<unmariding’ 
profile will answer the purpose. In I'orinoiitaigne's prohti'S for example, 
he gives his dofeiisihie cavalier a eonnnand of 8 feel (> inehes only uiei the 
bastion, at the distance of about 40 yards. (See (Etivrcif de 

(JormontingnCf Voh 1.) 

It is to be remarked, that a \er\ commanding (‘a^ulier etiers (he greatest 
obstacle to an enemy’s ojicratioiis in general; but as a KMiemhuient it is 
lo.ss ser\iceablc than a lower one, after the enemy haie (\s*ahlished them- 
selves in the bastion in IVonl of it; because the musqueliy fire of a liigli 
i-avalier cannol well be brought to bear upon the whole terreplein of t|ie 
l>a.sfion, without iiiereasiiig the dip of the parapet, ami coiisequentlv 
weakening the eiosl of it, to au iiicuineiuent ucgiee. 
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In a defendible cavalier, the top of the masonry should not be 
raised higher than the interior crest of the parapet of the bastion, 
by which itjs covered. With respect to a common cavalier, it is 
much best that it should not be reveted at all, in the manner 
represented in the first figure of this chapter. Tu such a work, it 
not being intended as a retrenchment, masonry would only be a 
useless expense ; and might even by its splinters be prejudicial to 
the defenders of the bastion, unless removed to a considerable 
distance in rear of the faces of that work, which removal would 
add to the expense in another point of view, by rendering a bolder 
relief necessary, in order to produce an equally plunging fire. 
Unreveted cavaliers, on tlie contrary, may be placed much nearer 
to the faces without inconvenience. A free space of 12 or 13 yards 
for instance, left as a terrcplcin, between the foot of the scarp of 
the cavalier, and the parapet of the bastion, will be quite suflicient. 

It may perhaps appear scarcely necessary to mention, that every 
cavalier must have ramps or staircases towards its gorge; in 
addition to which a defensible cavalier niUNt also have a proper 
communication with the bastion in front of It, by means of sally- 
ports leading into its own ditch, and staircases or ramps to ascend 
from thence upon the lerreplein. These are indlspensible in all 
retrenchnicnls, or works formed with ditches: and in all other 
obstacles used in fortification, such as palis«(!es, Svc. wliicli have no 
ditches ; barriers, or other gales, for the purposes of communication, 
are no less necessary. This being explained, it will be understood, 
that in treating of the various works, which may come under oui 
consideration hereafter, such coinniunications, aliiiough tlitj may 
not be specifically mentioned, are always implied. 

Double flanks, which I shall next proceed to GX))laiu, have 
seldom been used, e.\cept when the main inclosure of a fortress 
has been formed with what are called orillon^. The rules for this 
construction are as follows. 
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Draw first a 'front of fortification in 
the usual manner, and upon each flank 
mark a point at the distance of about 
one third of its length, measuring from 
the shoulder, backwards.* 

Dot the remaining part of each 
flank, namely that which is compre- 
hended between the said point and 
the ciirtiiin. 

From the salient angle of each demi- 
bastion, draw a line intersecting the 
opposite flank, and passing through the 
point w^ich was before marked upon it. 

I^roduce also the lines of defence 
of your front of fortification, outwards, 
beyond the extremities of the curtain. 

Parallel to each of your original flanks, and in rear of them, at 
the distance of about one sixth part of their length, which in real 
practice may be 9 or 10 yards, draw lines bounded by the last 
draw n oblique lines. 

This being done, rub out all those 
lines of your figure, w hich fall without 
the original front of fortification. 

The parallel lines, last drawn, will represent what are called 
retired flanks. 

Rub out the dotted lines, and other 
parts of your present figure, which 
will become superfluous after the re- 
tired flanks are drawn. 





* This is Vauban's rule according to St. Paul (See that author's Traiti 
Complet de Fortification). Others recommend setting off about 14 yards, 
or one fourth of the length of each flank only. 
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A front of fortification, whose flanks are not constructed in one 
<;ontinued right line; but with a retreat, in the maimer now repre- 
sented; is said to be formed witli oninLONS and ketired 
FLANKS. The latter having just been explained, it is only neces- 
sary to observe, that the projecting part near the shoulder of each 
bastion, constitutes what is called an orilloii. 

In this construction you will also observe, that there are breaks 
IN TH.E CURTAIN; near each extremity of it. 


Orillons were not often made angular like those of our present 
figure. They were more usually curved. 

To exemplify this construction : upon 
the small remaining part of each of your 
original flanks, as a chord, describe an 
arc outwrards.* 

Rub out the chords of these arcs, 
and the representation of the orillons in 
their proper curved form will remain. 

Add to your figure, by con- 
verting } our tw o demibastioiis 
into whole bastions of the 
same construction. 






Ketired flanks are sometimes made in ihe form of arcs of a 
circle; and tlien they arc called concave flunks; the common 
mode of constructing which is as follows. 


* Vauban s method of describing these arcs is said to have been as 
follows. Ife bisected each small portion of his original flank by a perpen- 
dicular, which he produced inwards towards the capital of the same bas- 
tion. Then from the outward extremity of the retired flank, he drew an 
oblique line to the adjoining angle of the shoulder of the original outline, 
intersecting the above perpendicular. The point of intersection, thus 
found, was used as a center fur drawing the curve. 
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Upon each of your present 
retired flanks, as a base, de- 
scribe an equilateral triangle 
outwards. 

From the vertex of each 
of these triangles, as a center, 
with a radius equal to one 
side, describe arcs standing 
upon your retired flanks, as 
chords. 

These arcs will represent 
your retired flanks in their 
new form. You will there- 
fore rub out the equilateral 
triangles entirely ; and the figure of tw^o bastions with orillons and 
CONCAVE FLANKS will be complete. 

That part of an orillon, which faces towards the curtain, is 
called THE REVERSE OF THE ORILLON, and is usually con- 
structed without any parapet. 

I'hc reverse of each orillon being directed upon the point of the 
adjoining bastion, it follows that no part of this line can be seen 
by a person, standing any where in front of the said point, as for 
instance in the covered way or on the crest of the glacis. But it it 
there, that an enemy must necessarily establish his principal bat- 
teries towards the close of a siege, partly to effect a breach in the 
faces of the bastions, near the salient angle, and partly for the 
purpose of silencing the fire of the flanks. Now from what has 
Just been said, it will readily be understood that none of these 
batteries can see into the reverse of an orillon. Consequently in 
bastions so constructed, one gun may be placed at the outward 
extremity of each retired flank, w'hicli may be so completely 
covered by the orillon, as not to be injured by the direct fire of 
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any of the besiegers' batteries^ and which yet will itself be capable 
of seeing into and defending the breach. Such was the reason, 
which caused the very general adoption of orillons and retired flanks, 
ID the more early periods of modern fortification. 

In process of time, however, after the use of shells, and of 
\ enfilading gun batteries, became more common, it was found that 
the oiilloiis could no longer protect their retired guns, with any 
degree of certainty ; and therefore this expensive construction was 
abandoned, in favour of the common right-lined flank, which may 
be built with about one third less masonry. 

Having made this remark, we shall next proceed to explain the 
nature of double flanks. 

Produce the reverse of each 
of your orillons and the breaks 
of your curtains, towards the 
adjoining capitals of the bas- 
tions, and connect tliese produced lines by a second set of arcs, 
drawn parallel to your concave flanks. 

The last described arcs represent the second flanks of a 
fortress constructed with double flanks. These are of course 
made the highest of the two, and are usually of the same height 
nearly as the faces of the bastion or orillon, whereas tiie parapet of 
the lower flanks in this construction is seldom or never made higher 
than the crest of the glacis. Consequently a section through a 
double flank exactly corresponds, in every respect, with the section 
of the faiissebray system ; and the same objections, before urged 
in treating of that system, apply to a reveted second flank, if 
placed too near to the parapet of the lower flank. 

In fortresses constructed with orillons, tlie reverse of these 
works is often chosen as a good position for sallyports leading 
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either from the interior of the bastions into the main ditdi^ or into 
the terreplein of the lower flanks. 

Sometimes bastions have been constructed with double flanks, 
although having either no orillons at all, or very small ones ; and 
in this case the upper flank has sometimes been continued so as to 
meet the face of the bastion, instead of terminating at some dis- 
tance from it, in the manner represented in our present figure : 
and when this construction has been followed, that portion of each 
face, towards the shoulder of the bastion, which is intercepted 
by the upper flanks, has generally been made rather lower tiian 
the remainder of it.^ 

a 

In such of the more early modern fortresses, as were not con- 
structed with faussebrays, it was usual to leave a berm of from 5 
to 10 feet broad, at the bottom of an unreveted parapet; which 
berm, being used as a path by the officers on guard in going their 
rounds, was called the roundway. 

The roundway had a tliin brick wall on the outside of it, gene- 
rally not more than three or four feet high, being chiefly intended 
for the purpose of preventing accidents. Sometimes, however, it 
w as made stronger and higher than usual, and pierced with loop- 
holes for the use of miisquetry. The section of a rampart, so 
constructed, is as follows. 



* This construction has been adopted by Coehurii, one of the most cele* 
brated engineers of modern times, in lome fronts of the famous fortress of 
Bcrgenopzoom. 
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In order to est&Uish a proper communication between the lerre- 
plein and the roundway, passages were cut through the parapet 
in Tarious parts, especially near the salient angles of the bastions ; 
at which angles, small stone turrets were also usually erected, in 
which sentinels were posted. 

These permanent or stone sentry-boxes were either 
made circular or in the form of small polygons, the lower courses 
being built like corbels, so that the body of each sentry-box pro- 
jected beyond the general line of the scarp revetment, and its walls 
were loopholed, in order to enable the sentinel to make his obscr- 
▼adons in all directions. 

Roundways and stone sentry-boxes have long been general 1) 
disapproved. Small guards posted in the covered way and out- 
works provide more effectually against a surprise than the former ; 
and the latter being usually conspicuous and ornamental objects, 
and placed on fixed points, so as to make known the positions of 
the principal works, served only as marks for the eiRjiny^s arliliery, 
to the prejudice of the defence. 

I shall next proceed to describe what is called the tower 
BASTION SYSTEM OF FORTIFICATION, whicli was introduced 
by Vaubaii, in some of the last fortresses constructed by him. 

Draw two right lines, lepicsenting 
curtains, and draw' three very small has- 
tions at the ir extreniitie.s, to show the 0 "^ " ' 

TOWER BASTIONS. 

The nature of such works may be easily understood from their 
name, they being merely laige lowers built in the form of bastions. 
The lower apartments of these towers are strongly arched over, 
with such a thickness of masonry and rubbish as to prevent bombs 
or shells from penetrating. At the top is a platform or terrepleiii 
nearly level, having a parapet of the usual height, but formed of 
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brick in order to tiavo room, the thickness being about 6 feet. A 
lf>oplioled brick wall, about .0 feet thick only^ inclosed the goige^ 
ilje outline of w'hicli is, however, not yet correctly represented. It 
is not my intention to describe the construction of these works 
iniinitcly. Suffice it to say that the Hanks were made perpendicular 
to the curtains, and the salient angles always right angles ; and the 
size of the towers was such as to admit of three guns being mounted 
in each face, and of two guns being mounted in that part of each 
flank, which projected beyond the scarp line of the curtain. 


Such is nearly the outline of the main inclosure of the system now 
under consideration, which so far diflers very little, excepting in 
tlie greater magnitude and form of its towers, from the plan 
usually followed in ancient times before the invention of gun- 
powder. 

In oidi^r to lender tlie tower bastion system more conformable to 
the inles of modern fortification, an exterior line of wwks was tliere- 
fore added, consisting of common bastions and tenails, both of the 
usual size. 

These bastions being separated from the main inclosure by a 
ditch, and not being connected by curtains, are called detacher 
BASTIONS. 

In front of each of the three 
tower bastions represented in 
your figure, draw a detached bas- 
tion, the faces of which are supposed to be directed upon the angles 
of the flunk of the main inclosurc. 








Betw’i'cn each of these detached 
bastions draw' tenails ; and finish 
your tower bastions, the form of 
which is not yet complete, by producing their flanks a little in rear 
of the curtains, and ciravving the gorge of each, perpendicular to 
its capital. 
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Tbe curtains prodticed, until they meet each other in front of the 
gor^ges of the tOfwer bastions, as represented in our figure, consti- 
tute the interior sides of the polygon, in this construction. Its 
exterior sides, if required, would he denoted by right lines, drawn 
soas to connect the points of the detached bastions. 

Beyond the detached bastions and tenails, there may be a chain 
of ravelins, or other outworks, a covered^ way, and glacis, all of 
which may be constructed in the usual manner. 

Draw therefore a couple of 
ravelins in front of your tenails : 
and draw also the counterscarp 
in front of your detached bas- 
tions and ravelins ; rubbing 
out, at the same time, those parts of the interior sides of the 
polygon, which become sii|)ertluous after the tower bastions arc 
completed. 

Our figure, in its present stale, represents Vauban’s second 
system of fortification. In this he fortified outwards, that is to say, 
be drew the interior sides of his polygon first, making them each 
256 yards long. Then he produced the radii to tbe distance of 84 
yards, in front of the point of each of liis lowers, by which nieaiis 
he found the position of the salient angles of his detached bastions. 
In consequence of this construction, the exterior side was not by any 
means fixed, but varied according to the iiatuie of the polygon; so 
that in the hexagon, for instance, it was about 557 yards long, and 
in other polygons of a greater number of sides it became shorter 
than the above dimension ; its length always diminishing in propor- 
tion to tbe magnitude of the [>olygon. 

In his third system, which is also constructed with towei 
bastions, instead of forming the curtain in one continued right 
line, it is laid out in the form of a kind of front of fortifi- 
cation, but with 80 very short a perpendicular, that Hanks of 
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about 12 or 13 yards only are thereby obtained. This is the only 
apparent variation between the outline of Ae third system of 
Vauban, and that of his second system above described, as Aey 
appear to the eye on a hasty inspection. Their dimeusions, how« 
ever, and construction, when they come to be niore accurately 
examined, are very different. In the third system he made his 
tower bastions a little larger than in the former ; and be fortified 
inwards, making the exterior side in all cases equal to 384 yards, 
the perpendicular equal to one sixth of the exterior side, and the 
faces of the detached bastions yards long. Consequently all 
the works are on a considerably greater scale, than those of his 
second system. 

In both systems c ommunications are constructed near the flanks 
of the towers, leading from the body of the place to Ae detached 
bastions : whilst the latter works may communicate with the 
adjoining extremities of each tenail, by means of sallyports pierced 
in their flanks. There is also a direct communication to the tenails 
from the curtains of the main inclosure, in the usual manner. 
And it is to be remarked, that the ditch of the body of Ae place 
is only about half the widtli of that which h in front of the detached 
bastions and tenails, so that the latter is in reality Ae main ditch 
of the fortress, 

Notw'ithstanding the great reputation of the author of Ae tower 
bastion system of fortification, and although it was his last, and 
probably his favourite mode of constriiction, being Ae only one 
ill which he so materially differs from former engineers as to 
establish any claim for oiiginality; yet it is to be remarked that 
this system has not, in any subsequent period, eiAer been imitated 
or generally approved.* 


* Mr. Bousnianl (in his Easai General de Fertificatwn) is, however, an 
advocate for Vaubaifs tower bastions. 
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I shall naw proceed to describe the methods which have been 
used in strengthening works of fortification by means of retrench- 
ments. 

One mode of retrenching a full bastion, namely by a defeasible 
cavalier, has already been explained : the other methods commonly 
adopted for the same purpose arc as follows. 

Sometimes a bastion may be retrenched by a work laid out in the 
form of a simple tenail. 

In order to represent this kind 
of retrenchment, draw two bas- 
tions connected by a curtain, 
which being done, from the 

shoulders of your left bastion draw two right lines meeting each 
other in the capital of that w ork, so as to form a reentering angle 
( See the left bastion of the following fgure ). 

Sometimes the retrenchment of a bastion may be constructed in 
the form of a small front of fortification. 

Draw a retrenchment iii your 
right bastion, in this last men- 
tioned form; and let its extre- 
mities terminate near the shoul- 
ders of that bastion. 

These retrenchments have ditches, and sometimes a covered 
way ; and they are supposed to have a small command, usually 
not exceeding 2 or 3 feet, over the body of the place. 

Complete the form of the 
ditches of the retrenchments of 
both your bastions, by drawing 
their counterscarps. 

When the retrenchment of a bastion is formed by a small front 
of fortification, it is sometimes placed in a more retired situation 
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than is represented in our present figure. For example, the 
extremities of the retrenchment may termiaate at or near the 
angles of the flank. 

To exemplify this method^ 
draw an additional retrench- 
ment behind your left bastion^ 
in the form of a small front of 
fortification ; and let the extremities of it terminate in rear of the 
angles of the flank, and at a short distance from them, upon the 
adjoining curtains. Represent also the ditch of this new work. 

The left bastion of your present figure is now protected by a 
double line of retrenchment. 

Retrenchments may also have small outworks m front of them, 
either constructed in the form of ravelins or otherwise. 

i\dd a small ravelin to the 
retrenchment of your right bas- 
tion ; and represent also the 
ditch of this additional work. 

From the above examples, it will readily be understood, that 
there may be many methods of retrenching a spacious bastion. 
To give some notion of the dimensions of such retrenchments, I 
shall remark, that if wc suppose the two original bastions of our 
figure to represent part of a regular octagon fortified according to 
Vaubaii’s first system, the small front of fortification, which 
retrenches the right bastion, may have an exterior side of about 
] 60 yards ; and that, which is in rear of the left bastion, would be 
about 140 yards long, if it terminated exactly on the angles of the 
flank, but by gaining a little upon the adjoining curtains it becomes 
so much the longer. 

REMARK. 

For a reason stated in a former chapter, tlie parapets of the 
flanks of such short fronts of fortification, as those above described, 
VOL. 11. 
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could not bo able to see into the whole of the ditch, with proper 
effect. It is bowemr to be observed, lest there should be any 
misconception of wliat was tliere advanced, that in case an enemy 
should attempt to take the retrenchment by escalade, although he 
might not be exposed to any danger from musquet shot, whilst 
standing in the bottom of the ditch ; yet in proportion as he 
ascended above that level, in the operation of scaling, he would 
gradually come under the fire of the flanks, before he reached the 
summit of the wall. And under this consideration, it will be 
evident, that imperfect flanking defences are not in all cases to be 
absolutely rejected. 

In order to explain the mode of retrenching a ravelin, you will 
first draw a work of that description, with a break at the gorge in 
the usual foitn. 

In rear of the faces of the ravelin, and parallel 
to them, at any convenient distance, draw two 
lines, meeting in a salient angle, to represent the 
faces of the retrenchment. 

Draw also the ditch of this \voi'k, in the usual 
manner. 


You will next draw two small flanks to your 
retrenchment, and rub out those parts of the faces 
of it, which will become superfluous after the flanks 
are drawn. 

The representation of a retrenched ravelin, in its most approved 
form, is now complete. 

The retrenchment of the ravelin, not being intended to act as a 
cavalier, has usually a command over that work of about 2 or 3 
feet only ; and in order that both of them may be properly com- 
manded by the body of the place, a retrenched ravelin is generally 
made 1 or 2 feet lower than an unretrenched cue. 

The scarp line of the faces of the retrenchment cannot conVc- 
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fiiently be laid out^ at much less than a diatimce of about ISO yards 
from the interior crest of the parapet of the ravelin, for the same 
reason, which was before stated, in treating ^ defensible cavaXers* 

The top of the scarp revetment of the retrenchment may be on 
the same level nearly with its own terreplein; and the height of 
masonry is usually less by 8 or IQ feet, than that of die scarp revet- 
ment of the ravelin, when the latter has a respectable profile. 
Consequently the ditch of the retrenchment is laid out on a higher 
level than that of the ravelin, having a sudden fall, or drop, as it is 
called, at each extremity. It is usually made about 11 yards 
wide, and its counterscarp is reveted. The side of each drop 
is also reveted, as an additional obstacle to prevent an ^enerny 
from penetrating, by the ditch of the retrenchment, into the terre- 
plein of the advanced part of the ravelin. 

It is also usual to retrench the reentering places of arms of tlie 
covered way. 

Draw a figure to represent a 
reentering place of arms, with two 
adjoining branches of the covered 
way, marking a couple of traverses 
in each. 

The retrenchment of the reentering places of arms usually con- 
sists of two faces, forming au obtuse angle. 

Draw two right lines accord- 
ingly, to represent the faces of a 
retrenchment of the above descrip- 
tion, placing them in such a situa- 
tion, as not to interfere with the retired traverses of the adjoining 
branches. 

This being done, complete the 
form of your retrenchment by 
representing its ditch. 
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In propoft&m as the salient angle of this kind of retrenchment is 
more obtuse, the exposed will it be to the enemy’s enhladiog 
or reverse fire ; but at the same time the flanking defences, \i'hich it 
m^ht derive irom the adjoining bastion and ravelin, particularly 
from the former, will become so much the more oblique, and 
consequently less efiectual. 

The retrenchment of the reentering place of arms has usually 
a command of about 2 feet over the crest of the glacis. Its 
revetment may be from 15 to 18 feet high; and its ditch, 
which is usually 6 or 7 yards broad, does not in general exceed 
12 feet in depth. The parapet is made only 12 or 13 feet 
thick, except at the inward extremity of each face, adjoining 
to the counterscarp ; and there, the outline of the interior crest of 
it is not made parallel to the exterior crest or scarp line, but has 
a return backwards, in the form of a small flank, nearly parallel to 
the capital of the work ; by which means greater strength is gained, 
in what are supposed to be the most exposed parts. 


REMARK. 

Any interior work or retrenchment, which is so constructed, 
that an enemy cannot conveniently attack it, until he has previously 
made himself master of die exterior work, w^hich it is intended to 
support, is called A keep, because it affords a safe retreat to the 
garrison of the principal work, in case of necessity. Hius, for 
example, in ancient castles of any considerable extent, there usually 
was a high tower, or a more commanding but smaller castle, erected 
within the central area, so denominated ; and in modern fortifica- 
tion, as the retrenchments in the ravelin and covered way come 
precisely under the above definition, the former is also sometimes 
called THE KEEP IN THE RAVELIN, and the latter THE KEEP 
IN THE COVERED WAY. 

We have hitherto supposed all our retrenchments or interior 
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defences to be reveled with masonry, in a permanent manner, and 
to have a proper terrepleiii with good earthen parapets, as also 
ditches and reveled counterscarps, and, in cSrtiun cases, even a 
small covered way in front of them. 

Sometimes, however, for the sake of economy, and somedmes 
from want of time, as. for instance when a fortress is either actually 
attacked, or liable to a sudden assault, the works have often been 
retrenched in a less substantial manner. 

For example, the retrenchments in the ravelin and covered way 
have sometimes simply consisted in brick walls, from 1 to 3 feet 
thick, pierced with loopholes for musquetry at convenient inter- 
vals, and having a small ditch in front of them of about 6 or 7 
feet deep, and 4 or 5 yards wide. 

In such retrenchments, as they are quite incapable of resisting 
cannon shot, the wall should be covered as much as possible 
from the besiegers* batteries, which are supposed to be esta- 
blished near the crest of the glacis. This is done by making the 
top of the masonry considerably lower than the parapet of the 
ravelin. It is however proper, that it should at least be of such a 
height, that when the remainder of the ravelin is taken, and the 
enemy are established on the terrepleiii of that work, the troops 
within the retrenchment may be every where completely screened 
against musquet shot. 

Sometimes, but particularly when the garrison of a place is 
pressed for time, retrenchments may be made of timber. 

This is done by firmly fixing in the ground strong piles, of oak 
or other hard wood, not less than six inches thick, but the thicker 
the better, in such a manner as to form a continued line of about 7 
or 8 feet high above the level of the interior of the work, which is 
to be retrenched ; a part of these piles being previously notched 
in such a manner that, when they are put together, there shall be 
convenient loopholes for musquetry left in them at proper inter- 
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vds, whilst thft rfiBmatder of the work forms a solid woodaa 
wtdl. 

A work of solid timbor of tlie above nature is called a stockade, 
to distinguish it from a common line of palisading, which is usually 
much weaker. 

i 

Wlien A STobXADE is of very inconsiderable extent, so tbaJt it 
cannot be deemed a proper retrenchment, but merely serves as a 
small keep near the gorge of a place of ‘arms, ravelin, or other 
work, to afford means of retreat to the defenders in case of an 
assault, it is styled a tambour ; and the same term is applied, in 
field foitification, to a similar obstacle, which is often formed in 
front of a gateway, that is not protected by a ditch and drawbridge 
in the usual manner. 

When nothing is specified to the contrary, a tambouk is 
always supposed to be formed by means of a stockade, or pali- 
sading, or other timber work ; but the same term may also with 
equal propriety be applied to a brick wall, if of very inconsiderable 
extent, and used for the same purposes, which have just been 
mentioned. 

A tambour may be further secured by a ditch iii front of it, with 
inclined palisades sloping outwards to add to its defence. When 
composed of stockade work, it may have a half roof towards the 
rear in the form of an open shed or pentliouse ; and a trench may 
be cut behind it, for the purpose of receiving and deadening the 
effect of grenades, splinters of shells, 8cc. unless wlicn it is 
placed so near to the reverse of any work, that the common 
ditches of the fortress will answer that purpose. 

In the full bastions, and in the reentering places of arms, of a 
place menaced with an attack, a more serviceable retrenchment, 
than either a brick wall or stockade, may be formed by throwing up 
earthen works resembling common field works. But for the reason 
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3tated^ in treating of earthen ramparts^ these must be stmngllieiied 
bj palisades, fraises, or chevanx de frize, in order to secure them 
against an assault, which will oblige the eneoi^ to have.recourse to 
the more tedious process of forming batteries ermines. 

To obviate the disadvantages attending earthen slopes, the scaip 
and counterscarp of such works may sometimes be retained by 
means of a timber revetment, the nature of which is as 
follows. 

Piles of about 1 foot square, and of a suitable length, 
are fixed in the ground to a sufficient depth to insure their sta- 
bility, and at intervals of about four feet apart; behind which 
is applied a lining of strong planks, and then the mass of earth 
is thrown in. 

In order to add to the security of the piles, which form the 
principal strength of a timber revetment, and which in fact bear 
the whole pressure of earthy it is proper to connect them with 
otlier strong pieces, laid horizontally in the mass of earth, which 
from that circumstance are called land ties. Instead of build- 
ing a timber revetment perpendicularly, it also conduces to its 
strength to form it with a certain slope, which, however, should 
not be greater than about one fourth of the height. 

When palisades are used for strengthening works, it is to be 
remarked, that the larger the scantling of which they are composed 
the better. Entire trunks, for instance, of welhgrown trees, are 
preferable to every other kind, if the great difficulty and expense of 
procuring a sufficient quantity of this description did not render it 
necessary often to be contented yvith slighter ones. Palisades, 
formed of large timber, not only offer an almost insurmountable 
obstacle against men attempting to cut them down by main force, 
under fire, but they afford effectual protection against musqiiet 
shot, and under certain circumstances, it has even been found 
difficult to make any impression upon them by light field pieces* 
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By way of dktiiictipn^ the term stockade is also applied to die 
superior kiad of palisading, which has just been described. 

Sometimes palisades have not been fixed in the common man- 
ner, but hung in bays, as it is called, which construction is as 
follows. 

Strong posts are first planted firmly in the ground to a sufficient, 
depdi ; and then cross bars or rails are fixed to them horizontally, 
near the top and bottom ; to w hich rails the palisades are afterwards 
connected by means of spikes, so as to hang with their low'er ends 
at some little distance from the ground. This construction, which 
could only have originated from motives of economy, is the worst 
that can be imagined: for the palisades thus fixed arc usually of a 
triangular shaped scantling, of too iiisignificaiit thickness to resist 
musquet shot in any part ; and in case of uii attack upon them by 
main force, the moment that an enemy succeeds in sawing or break- 
ing oft' the ends of two rails only, a whole bay of palisading is of 
course thrown down and rendered useless at once. 

These rails are commonly called ribbands. In hanging 
PAM? AWES tw^o ribbands must always be used in each bay; and 
even in the coium''n standing palisades, at least when formed 
of regular scantling, a ribband is usually fixed near the top, at such 
a height as to form a convenient rest for the soldier’s musquet, in 
firing between the interstices. 

Fraists have :,i.so a ribband, often fixed to their lower surface 
near tjhe projecting end of them ; whilst their bnried ends aie 
attaclicd to anolhei, which from its position is called a sleeper. 
These cross pieces or niunASDS, in both cases, contribute to 
strength, as wh H as to regularity, in executing the work. 

In strengthening the works of a fortress by means of lelrcncli- 
inents, fascines, sand bags, and gabions, are also employed. The 
two former materials have been already described. The latlor arc 
a kind of basLcls made of wicker work, of a cvlindiical form^ 
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but o|)en at top and bottom ; M'hich being set upright aecd^ng to ' 
any given alinement^ and filled Mitfa earth, form a good revetttiont 
for a parapet,, traverse, &c. Gabions, used for the above purposes, 
should not be less tfa|pn 2^ feet exterior diameter : 3 feet is a still 
better proportion, unless the gabions are placed at a slope, which 
increases the strength of this as well as of every other kind of revet- 
ment. The usual height of gabions is about 3 feet, but they may 
be made higher in particular cases, if judged iiece^sary.^ Casks 
with one end taken out, so as to receive earth, are often used 
as gabions, and if sufficiently large they form an equally good 
revetment. 

* 

I shall conclude the subject of retrenchments by observing, that 
in cities built of stone or brick, in a substantial manner, without 
any very great proportion oT timber, it is proper to oppose an 
enemy’s progress, after a breach is formed in tliebodyof the place, 
by fortifying the adjoining streets and houses. For this purpose, 
the doors and windows facing towards the breach arc built up or 
strongly barricaded, and the walls of the houses in that direction 
arc loopholed. Cuts are formed on the terreplein, to the right and 
left of the breach, and continued from thence to the adjoining 
luaiscs ; and all tlie streets, by means of which the enemy might 
penetrate, are secured in the same manner. This being done, 
and due precautions taken to prevent fire, the fortified houses and 
cuts will form an obstacle of the most formidable nature against 
a common assault. Indeed in some countries, in which timber is 
scarce, and in which it is the fashion to build with very thick 


♦ In cmyiiig on the regular sap in a siege, a much lighter kind of 
gabion js iicc;i:ssai*y, than would he desirable in any other case. Sap 
gabions arc accoj-diiigly made only g feet in diameter, and about 2 feel 9 
itich(*s hisrh. 
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nVaU# and flift Hhe public buildings^ and even many of die 

du'dliug if dirfended with proper spirit and vigour, may 

be deacned almost impregnable against an attack by infantry 

Aiitit. 


CHAP. XVIII. 

OF BOMBPROOFS, CASEMATES, POWDER MAGAZINES. 

ORENNELED COUN^FERSCARP GALLERIES, GALLERIES 

OF COMMUNICATION, AND CASEMATED CAPONIERS. 

Any building, which is formed of such solid materials and 
r.'uiensions, as to be capable of resisting the force of bombs or 
.Kells, falling upon it, is called a bombprooi'. 

The usual mode of constructing bombproofs is to form apart- 
? :; nts arched over at top, of a moderate width, that is to say, not 
, \eeeding about 1 8 or 20 feet at the utmost, but of a more con- 
::fterable length, the thickness of the arch, or of the masonry 
:'(t top, never being made less than 3 feet, in its weakest part. 

Powder magazines should always be bombproof; in addition to 

hich, it is in all fortresses proper, but in small fortresses abso- 
i^lely and indispensably necessary, that the principal hospitals, 
Kui racks, and storehouses, should be built in the same manner; 
.'iherwise the garrison and stores, being continually exposed to the 


^ The bouses in Malta are ctnistnicted in (his manner, as also those of 
f:<:enos Ayres. Those of Saragossa are less favounibly formed for 
.^;*fcncc, not having flat roofs, and being more combustible; and yet in 
i two late famous sieges of that place by the French, the bouses oflered 
far a greater obstacle to the enemy, than the fortifications. 
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enemy’s shells night and day without intennissioni tffeclud 
resistance for any length of time could be expaeted.* ■' 

Bombproof buildings may either be insulated, or placed at 
some distance from the fortifications, or they may be constructed 
under the ramparts of a fortress, in which latter case they are 
called CASEMATES. 

A rampart provided with casemates, or in other words A CA$£- 
MATEB HAM PART, as it is usually styled, has no interior slope, 
the back of it being reveled. Tlic front walls of casemates are 
formed by the common scarp revetments of the fortress. 

Sometimes casemates have embrasures pierced through the 
front of them, for the use of guns or howitzers ; which embrasures, 
being cut out of the revetment, are of course either arched over or 
covered with long stones. 

Guns, placed in a casenialc, constitute what is called A case- 
mated BATTERY. 

Case mated batteries are most essentially necessary for the 
defence of dead angles and faces, which cannot be seen into 
by any other means. From hence it follows, that in the bastionary 


* A small fortress without bombproofs may, for the above reason, be con- 
sidered absolutely untenable against a vigorous bombardment In a vay 
large extensive fortress, on the contrary, there must always be some partly 
which will not suffer by the effect of the enemy’s shells. But as the par- 
ticular points, against which the besiegers may direct their fire, cannot bfi 
foreseen, before an attack actually commences, the greatest coiffbsion mad 
trouble may be occasioned, in the event of a bombardment, by the necossily 
of removing troops and stores from those situations, which happen to be the 
most exposed. Consequently, although fewer bombproofs, in proportioU tn 
the magnitude of the works, may bo necessary in a large fortress, than in a 
smaller one ; still it may be laid down as a rule, that every fortress, how? 
ever extensive, which is entirely destitute of bombproofii or cUaemtfte:^ 
must be considered defective. 
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system of foltiffiartioiii they may be useful, but in the redan system, 
they are absolutely indispensable. 

Draw part of the 
ouUiiie of a work, 
constructed accord- 
ii^ to this last men- 
tioned system, con- 
sisting of one redan 
and two adjoining faces; and complete your figure by repre- 
senting a ditch in front of it. 

Parallel to the 
scarp line, and in 
rear of it, draw 
another set of lines, 
to represent the back 
of a casemated ram- 
part. 

Tn each of the adjoining faces, which flank your redan, draw 
two caseinates of a rectangular form nearly, separated from one 
another by an intermediate wall or pier. Represent also the 
thickness of the scarp revetment in front of them, but let them be 
open in rear. 

Draw an embra- 
sure, in the front 
wall of each case- 
mate, wider in front 
than in rear. 

Each face of your redan is now flanked by a casemated battery 
of two guns, which, being placed sufficiently low, may either scour 
the whole of the bottom of the ditch, or nearly the whole of it ; 
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whilst the gund or musquetry from the ramparts above would not 
be able to see into it, for reasons before eapliiined. 

When the embrasures of a casemated batteiy are placed very 
low, it is usual to make that part of the ditch, which is immediately 
in front of them, several feet deeper than the rest of it, in order to 
prevent the enemy from approaching too close to them* 

Aliy part of a ditch, sunk in this manner, is called a drop, as 
was before explained. 

Draw lines to mark the extent of each drop. 

The dotted lines^ 
also added to the 
JIgure, are introduced 
to shore the direction 
in which sections are 
afterwards to be 
draten^ # 

The drop is of course a dead part of the ditch, but tliis cir- 
cumstance is not prejudicial, the scarp being so much higher there, 
than at any other part, that it is not favourable for an assault. 

To explain the nature of casemates more fully, w^e shall next 
draw the transverse section of two of them, taken across the 
arches (in the direction marked ab, in our Jigure). 

Draw first a line to represent the level of the terreplein, under 
which the casemates are constructed. 

Parallel to which and below it, draw a second line, at any conve- 
nient distance, to represent the floor of the two casemates. 

Mark points on the last drawn line, to show the thickness of the 
walls, and the breadth of the two casemates, from which points 
raise perpendiculars of equal length, to show the height of the 
walls, from the floor of the casemates to the spring of the 
arches 
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Then draw two archeg, which 
you may make semicircular, it 
bmng understood, however, diat 
this fom is not always used. 

Over each arch, draw a ridge like that of a common roof, to 
ahow die manner in which the masonry of casemates is usually 
finished at top. 

Draw also the foundations of the walls of your casemates, 
giving them an offset on each side, in the usual manner. 

And in the center of each 
casemate, a little above the 
floor, draw a small figure arched 
at top, so as somewhat to re- 
semble the casemate itself in 
form, but on about one fifth 
part of the scale only, and with a segment arch rather flat, instead 
of a semicircle. 

The transverse section of your two casemates {on the line a b) 
is now complete, the small figures, which were last drawn, being 
supposed to represent the casemated embrasures seen in 
elevation. 

When casemates are built for tlie purpose of accommodating 
troops, it is desirable that they should not be less than 16 feet wide, 
in order to afford room for a double row of soldiers* beds, with a 
passage in the middle. 18 feet will, of course, be still more con- 
venient. When intended chiefly as batteries, a width of 14 feet is 
sufficient. 

In a range of casemates, or other bombproofs, the same terms 
apply, which are used in speaking of a bridge, or any other work 
composed of a series of arches, the intermediate walls being called 
PISES, and the end wails the abutments. 
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Bombproofs are sometimes but not often constructed mth two 
stories. When there is only one story, the piecs are seldom wiade^ 
more than 6 or 7 feet high, measuring from die level of the floor 
to tlie spring of the arches, and they are scarcely ever made less 
than 3 feet, or more than 6 feet thick. 

When the tliickiiess of the piers of a range of bombproofs or 
casemates is inconsiderable, it is usual to make the abutments 
much stronger than the piers ; but when the piers themselves are 
thick, or when the abutments terminate on a terreploin or mass of 
earth, this precaution is less necessary. 

In building casemates, after the roof is formed with masonry or 
brick work, the whole surface of it is covered with water-proof 
cement, aod sometimes for greater security the ridges and gutters 
are leaded. In the latter, small drains are formed with a proper 
slope, in order to receive and 'carry off the rain water, which soaks 
through from the terrejilein. Then a couple of courses of dry 
bricks are placed over the remaining parts of the roof, in the 
lowest of which the bricks are laid at such intervals apart, as to 
form narrow’ cliannols, leading perpendicularly down the slope tf» 
the main drains before mentioned, with which they communicate. 
This being done, a quantity of shingle or pebbles is next applied, 
the largest of which are placed at bottom. These are afterwards 
covered with a layer of clay, over which common earth or rubbish 
is thrown in, until the terreplein is raised to its proper level.^ lii 


* The clay is intended to prevent the particles of common earth from 
sinking into the intcr\'a1s between the shingle and dry bricks, which in 
course of time might fill them up, and impede the water from running 
down along the slope of the roof into the gutter. 

The mode, above described, has been very generally adopted in our 
casemates in this country. In certain cases, however, tlie dry bricks, as 
being of too porous a nature, have been omitted, shingle only being used 
immediately over the cement; and some engineers are of opinion that 
this last method is the best. 

It may be remarked, that notwithstanding the care used in the con- 
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diort, unless the gr^est care is taken, in northern climates, the 
casemates must necessaril}^ be damp ; and in this case, the expense 
laid out in their construction will be, in a great measure, thrown 
a\vay« for they will neither afford wholesome quarters for troops, 
nor will they even be fit for the reception of dry stores. Some* 
times therefore, in addition to the precautions before mentioned, 
particulai'ly in small works, the terreplein is paved with flag stones, 
or covered with cement, to prevent the rain water from penetrating 
below the surface. 

To complete our explanation of the nature of casemates, we 
shall next draw a longitudinal section, supposed to be taken 
through the middle of one of those represented in a former figure, 
on the line, c d. (See page 365.) 

Draw the section of a reveted rampart complete, but without 
any counterfort; and also without the interior slope, in lieu of 
which you will substitute a perpendicular, to show the back of the 
proposed casemate. 



Draw a horizontal line extending as far as the back of the 


straction of them, there arc few or none of oiir ranges of casemates in 
England, thoroughly free from damp in every part. The grand object of 
rendering them wholesome and fit for Uie reception of troops and stores 
has however been gained, which without the above [irecautioriM could not 
possibly have been effected in so moist a cliinalc. A much more certain 
and effectual mode would be to cover the roofs of casemates cnfiivly with 
lead, before the rubbish is laid on ; but the (ixpense is au object i<m. From 
8t. Paufs remarks upon casemates, it may be inferred, tliat those which 
have been constructed by t!ie French engineers are much inferior to onrs. 
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scarp revetment^ in order to represent the ftoot of the cesemate^ 
which in most cases is placed some feet lower than the original 
ground line. 

Draw anotlierline parallel to it, at the proper height above it| to 
represent the under part of the arch. 



Above your last drawn Hue, draw a third line also parallel, to 
show the ridge or top of the masonry; which being done, ‘the 
space, comprehended between these two last drawn parallels, will 
represent the thickness of masonry over the crowm of the arch. 

The rubbish, laid upon the arch of the casemate, will of course 
require a wall to retain it in rear. You will therefore draw a small 
retaining wall accordingly. 



Tlie casemate, represented in our present figure, being con- 
siderably higher than the general level of the ditch, would not 
require any drop. 

In order, however, to show tliis last-mentioned construction, you 
will alter your figure so as to represent a casemate with a drop in 
front of it, which is supposed to be excavated beneath the general 
level of the ditch of the casemated rampart: and draw a small 
revetment for the counterscarp side of your drop. 

Draw also a couple of lines across die scarp revetment, a little 

yOL. 11. B B 
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above the floor the casemate^ in order to represent die casemated 
embraauret 


r 

In former times the arches of bombproofs were generally 
made semicircular, but in some cases, segment arches of from 
90 to 120 degrees were used. Of late, however, parabolic arches 
have often had a preference given to them in the British service, 
the rise of which lias usually been made equal to half their 
span. All the new caseinates at Dover have been constructed in 
this manner. 

In a range of bombproofs or casemates, doors or passages of 
communication are usually made in every pier, from one end to the 
other, in addition to \Uiich small air-holes arc also frequently cut 
through them for the purpose of ventilation. When there is no 
embrasure for cannon in the front wall of a casemate, one or more 
loop-holes are usually, but not always, cut in it, for the same pur- 
pose. Vertical air-holes are likewise sometimes cut through the 
arclies of casemates, wliich terminate at top upon the terreplein. 
There they are usually made very narrow, in order to prevent shells 
from falling into them, but they may be much wider at bottom. 
These holes not only create a circulation of air, but are useful in 
carrying off the smoke when the guns are fired, which is a very 
great impediment to the service of casemated batteries. 

In casemates intended for the use of troops, fire-places are made^ 
the dues of w'hich arc usually carried up through some part of the 
parapet ; and such casemates are always inclosed in rear by a wall 
of moderate thickness, like that of a common dwelling house^ 





CASEMATES. J5n 

having a door, and two windows, one on each aide of it, and some- 
times a small additional window over 


* The dimensions of some casemates, which have actually been 
executed, arc as follows. 

1st. The casemates in the left demibastion of Fort Ricasoli in 
are 35 feet 8 inches lon^, by 20 feet 6 inches wide. The piers are 7 feet 
thick, with two doors of communication in each, and 5 feet 6 inches high, 
up to the spring of the arches, which arc soniicirc'ular. There arc embra- 
sures at the height of 2 feet 4 inches 'above the floor, the interior dlmcnsiuna 
of which arc 2 feet 3 inches in w idth by 3 feet in height, their exterior 
dimensions being 7 feet in width by 4 feet 3 inches in height The thick- 
ness of the scarp wall, through whioh they are pierced, is 6 feet 8 ihc{ics. 
An air-hole, nearly vertical, is cut in the arch of each casemate, towards 
the front ol it, the dimensions of w hich are 1 foot 9 indies by 2 feet at top, 
and -J feet ti indies by 5 1‘cetat bottom. These casemates are open in rear, 
with the exception of a thin wall rai.^ed 3 or 4 feet only above the floor, 
Seven of them coiitainc^d heavy guns, which, for the sake of experiment, 
were fired five or six times as quick as possible ; and the smoke %vas found 
to go oil* pretty freel3^ 

2d. The cascmales in the King’s and Orange bastions at Gibraltar have, 
by long experience, been found good heallliy quarters for troops. They 
arc all about 10 feet w idc, and of the same height up to the crown of tho 
arches, which are semicircular. The iiicrs arc abtmt 5 feet thick, with a 
door of (‘oinmunicatioii in cadi. The King’s bastion casemates are about 
40 feet long, and have no openings in the scarp wall in front, nor any air- 
holes to produce a thorough draff. 'Fhc Orange bastion casemates are 
about 90 or 100 feet long, each ha\ing tw^o narrow looj)-holes in front 
towards the hay, and three vertical air-holes cut in the arch, which at top 
are only about 4 or 3 inches wide. 

3d. 'riic casemates in the new' coiiritcrgiiard at Gibraltar arc 16 feel w’ide, 
and of various lengths according to the width of the rampart, which is 
irregular. ’Fhey are about 6 feet high to the spring of the arches, w’hidi 
arc segments of 90 degrees. They have embrasures in front, and a door 
of communication in each pier. 

In some new casemates, which I am informed have lately been con- 
structed at liibraltar, the width is 18 feet, which may be considered a 
more convoiiicut dimension for the aceoinmodation ol troops. 

4lh. The casemates at Cumberland I'ort iiccu* PortsmouUi have been 
inhabited for many years. They arc each 38 l‘et;l long by 14 feet wide* 
The piers are 5 feet thick, with two door» of comuiuuication in each, and 

li J8 2 
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' V’ 

PowDEft Magazines are of two kmd»^ large and small: 
’ the lai^r seTv^ as the principal stores of tliat article, are 
often placed in reisred situations ; whilst the smaller ones, usually 
^led expense magazines, serve for the daily expenditure of 
the garrison, and are therefore distributed in various parts near 
^ jAe principal works and batteries. 

Vauban usually made his principal powder magazines, each 64 


S feet liigh up to the spring of the arches, which are segments of 120 
degrees, nearly, their rise being 4 feet. In each casemate there is a 
fire-place, and either an embrasure or a loop-hole in front. The average 
depth of the crown of the arch below the level of the terreplein is about 
7 feet 6 inches. The new casemates, lately constructed at Southsca 
Castle, have also arches of 120 degrees. 

5th. In the casamated cavalier near the left of Chatham Lines, the 
soldiers’ casemates aie 51 feet long by 17 feet wide. They arc tw o stories 
high. The height of the lower story is 10 feel below the joists, which 
support tlie wooden floor above it. The height of the upper story is 11 
feet from the floor to the crown of the bombproof arches, which are semi- 
circular. The piers arc 4 feet thick, with one door of communication cut 
through each of them in the upper story, and three air-holes in the lower 
one. ’riic abutments arc about 9 feet thick. The front and end w alls of 
the lower story arc sunk in the tciTcplein of the lines. In both stories are 
fire-places, and the upper rooms have loo^i-holes in front, one on each sido 
of the fire-place. A gallery of wood, sujiporlecl by brick piers, runs along 
the whole extent of the lower rooms, the top of which being secured by a 
proper railing, serves as a corridor for the upper story, and is ascended by 
a flight of steps at each end. A gallery of the above description, or rather 
one arched over at top, for greater security, is very useful in all casemates 
built with two stories, for il not only aflords the most convenient mode 
of communicating with the ujiper story, but serves also as a place of 
parade for the men in bad we.ithcr. 

6th. Ill the fortifications constructed on the Western Heights at Dover, 
the principal casemates arc 77 feet long by 18 feet wide. The piers arc 
4 feet 1 inch thick, with one door of cojiiiniiiiication in each, and 8 feet 
high, up to the spring of the arches, which are parabolical, and have a rise 
equal to half their span. There are three fire-places in each casemate, and 
one embrasure in front. 

The ivhole ot tlie above described casemates, excepting those of Fort 
KicasoJip are inclosed in icar by a back wall, having a door and windows. 
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£Bet long, by Q6 feet' B inches wide, in the clear ; the whole being 
covered by one large semicircular arch. The i^e walls or piera 
were 8 feet G inches thick ; and their interior height was about 6 
feet 6 inches above the level of the wooden floor. The end or 
gable walls were 4 feet 3 inches thick, in each of which was a 
small window near the level of the crown of the arch. The door 
of the magazine was also placed at one end. Each pier waf 
strengthened by 4 buttresses or exterior counterforts, about 6 feet 
4 inches wide, projecting 4 feet 3 inches beyond the rest of the 
wall, and placed at intervals of 16 feet apart from center to 
center. In all the spaces between the adjoining counterforts 
were air-holes, cut in the side walls, about 3 or 4 inches wide and 
18 inches high, not carried on in one continued straight line, but 
winding to the right and left round a solid die in the center of the 
wall. The arch was 3 feet indies thick, above which a ridge 
w'as formed, so proportioned, that the total depth of masonry over 
the crow n of the arch was about 8 feet G inches, whilst tlie angle 
formed by tlie two sloping sides of the roof, was obtuse in a very 
small degree. Tlie foundations of the walls, and buttresses, were 
greatly increased at bottom by means of offsets, in the usual man- 
ner. For furtlier explanatiou, a figure is annexed, in which the 
plan and section of a magazine, so constructed, are represented ia 
outline. In the section, which is supposed to be taken through the 
center of one of the air-holes, a door and window and two but^ 
tresses are seen in elevation. 


Vauban’s powder magazines, as above described, were calcu* 
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l^ted to contain. 1050 barrels, piled in tiers of three barrels 
each in by increasing the number of tiers, which may 

be done to a oeriain extent, tlie quantity of gunpowder may be 
Ui^epied m propt^tiou. 

\ In our powder magazines in the British dominions, the arches 
liaire never been made so wide as the above ; and therefore, wlien- 
ever a considerable interior capacity was required, the body of the 
building has generally been formed of two or moie arches, con- 
nected together by intermediate doors or passages left in the 
piers.*** 

For example, in Upnor magazine, near Chatham, there arc four 
arches, each 88 feet long, by 19 feet wide, in the clear, with 
piers 4 feet thick, abutments of 10 feet, and end walls equal to 
the piers in thickness. Hie height from the level of the floor to 
the spring of the arches is 9 feet 6 inches, and the latter, which 
are of the form called catenarian, have a rise equal to half their 
span, and are 3 feet thick. Tlie total depth of masonry at the 
crown of the arch is 7 feet. In every pier there are live interior 


* In two powder magazines of equal length and intrsior rapacity, and 
whose arches are of cupjal thiekness, that wdiicli is forinort with one rciy 
wide ar<di, is weaker than anotlicr formed of two siiiallcr arches, hecaiise 
the strength of an arch, like that of a beam t>f timber, is diminished in 
proportion lo the distance between the pieis wliich support it. Vaubaii's 
plan was therefore explained, not as bciiig a good model to follow in prac- 
tice, the arch being ceitainly too wide, but from the circiimsiaiice, that 
experience has repeatedly proved it tt» be bombproof. 

t When a chain is suspended betw^cen any two fixed points, it forms a 
peculiar curve, the chord or span of which may be made to bear any gi^ en 
proportion to the height, by increasing or diminishing the length of the 
chain. The curve, thus found, is called a catenarian curve, which, on 
comparison, will be found to differ very little from a regular parabola of the 
w^me fipHQ and height. 
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doors or passages 'of coraniunirati<*n art bed at top, eac^ 5 feet 
wide and about 7 feet high. Every division of Ae magazine has one 
door and window at each end, besides which there is one door ill 
the center of eacli of the abutments or side wsdls# There are fiO 
air-holes in the body of the magazine, 8 of which are pierced in Ae 
end w alls : besides w hich there are 16 air-holes leading from the 
outside of the building below the door. 

The roof is formed of paving tiles laid in common mortar upon 
llie masonry of the ridges, the gutters only being leaded. This 
powder magazine will hold conveniently about 10,000 barrels^ 
piled in tiers of nine barrels higli.’*^ The section of it is as 
follows. 



^ Powder magazines arc usually divided into certain spaces called ba^'S, 
by w'(jt>deii posts or uprights, counccted together at top and bottom by 
open frame-work. A bay, 17 feet 9 inches long by 5 feet 6 inches wide, 
and 11 feel 2 inches high, will hold 312 common barrels, each coutaining 
OOlbs. of loose pow der, jiilecl nine high, in alternate courses of twelve and 
eloeii barrels each, plae«*d side to side ; the pile being thrc'c barrels wide, 
which, ill this direction, arc (aid end to end. A bay ot*thc same length and 
licight, but about 6 inches wider, will hold 1205 quarter bands of niusqiiet 
ball cartridges, containing 600 rounds each, and piled fourteen barrels 
high, ill courses of nineteen and eighteen barrels alternately laid side to 
side, the pile being five barrels wide. In Upnor magazine there are two 
bays in the width of e\ery arch, so that passages arc left between the 
parallel bay.s, as also bctwTcii each bay and the piers or abutments. Trans- 
verse passages arc al.so left, one in the center and one at each end of the 
magazine, which has 52 ba}s in all. Some of them arc, however, rather 
larger than the above specified dimensions. Small moveable capstans, 
placed under the crown of each arch, are used for raising and lowering the 
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'' ' i"' 

Soraetimea jnagazines have been formed with gkoined 

ikSCHES, tWis to say with two sets of arches, of equal height or 
nearly so, intersecting each other at right angles. In this method 
there is some saving of materials, and a greater interior space may 
gained, because instead of intermediate pier w'alls, extending in 
ft continued line from one end of the magazine to the other, as in 
the former construction, there are only small pillars of about 4 or 
5 feet square at the utmost, which may be placed at considerable 
intervals apart, and from which the groined arches spring in con- 
trary directions. Tliis construction has, however, been seldom 
used, being less simple and weaker than the former mode, besides 
which the formation of the arches and roof is much more trouble- 
some.* 


barrels. Tlie consfruction of Ujmor powder mngazine has, in general, 
been very highly approved, il being bolh dry and commodious. 

Barrels, containing giinpow'der or cartridges, are seldom piled higher 
Ilian the above-mentioned height, and when so piled, they require very 
strong uprights to resist their lateral pressure. 

♦ The ridges, &c. of the roof of a pow'der magazine, oonstriioted with 
groined arches, are so disposed, that four gutters must necessarily intersect 
each other, in contrary directions, over every square pillar, in consequence 
of which, deep hollows are formed in various parts of the roof, from whence 
the rain water cannot be carried oiT, except by vertical drains leading down 
into the body of the magazine. 

The powder magazine at Tipner Point, near Portsmoatli, is built with 
groined arches. Its dimensions between the four exterior walls arc 87 feet 
by 61 feet 6 inches in the clear. There are tJiree main arches, of a parabolic 
fonnif in the width of the building, each 17 feet 6 inches wide, springing at 
the height of 8 feet 9 inches from the tloor, and having a rise equal to half 
their span. There are tw'o ranges of pillars in the width of tJie building, 
each 4 feet 6 inches square, which in one direction suj>port tlie main arches 
above described. In the contrary direction, tliey support the arches that 
form the groins, which are equal to the former in hcigiit, but of a much 
smaller span, the center arch being only 5 feet wide, and the others 7 feet. 
'The number of these transverse arches is seven in all, in the length of the 
building, the first and last of which terminate, however, not on square 
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With respect to the roofs of powder magazines^ and other bomb^ 
proofs, which are not covered at top with floine feet of rubt^i 
like those of casemates, it is prudent, on that account, to add to 
the thickness of masonry, in order to make them equally secure 
against shells;’^ but the same precautions ^inst damp are 
unnecessary, for the common slates or tiling, Scc« used in 
dwelling houses, are quite sufficient, provided that the ridges and 
glitters are leaded. Much how ever depends upon the pitch of the 
roof, w^hich ought to be rather steep than otherwise; the low 
pitch, rcc:oiiimeiided by some architects for the sake of beauty, 
being unfit for northern climates. + Sometimes, as in Vauban’s 


pillars, like the oUkts, but on abutment piers 4 feet 6 inches thick and 
6 feet 0 inches long, oiigagcil in the end walls of the magazine, which are 
5 feet thic k. The thickness cd the side walls is 6 feet* The dimensions 
of the walls, and pillars, below the level of the floor, are gicatly increased 
by means ol' ollsotvS. No ridges of niasoniy were fortneu above the arches, 
but the whole edifice was cu\cred with a wooden roof, and then sheeted 
over with copper. 

• A shell, hilling on the ground, seldom penetrates more than 3 or 4 feet 
in stifi' earth. Ooiisocpieiitly it w ill be evident, that when a casemate it 
covered with se\eral feet of earth or rubbish, above the arch, the shock of 
a shell striking the roof, must be greatly deadened before it can act upon 
the masonry. But if no earth were used, the elfcct of shells, falling repeat* 
ediy upon Iho same part of the niof must be similar to that of shot, fired 
from a breaching battery against a rcietmeiit ; tliat is to say, a considerable 
number of them might, at first, strike the masonry without uiateriallj 
injuring it, but in the end they would foree it in. No bombpritofs, excepting 
those which are covered with some feet of earth at top, would therefore, 
strictly speaking, deserve that title; if it were practicable to direct the 
flight of shells from a mortar, w ith the same accuracy, wherewith halls may 
be fired from a cannon, l^’ortiinately, however, for the security of such 
buildings, this is absolutely impossible. 

f Of tw’o powder magazines, built at Plymouth, nearly at the same time, 
and with the same materials, roofs being formed over the arch of each, of 
good timber covered with patent slating, but of which the one bad rather a 
sleeper pitch than the other; the funner was always dry and in good 
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magazines, are applied beneath the tiles; but this is quite 

•liperfluquii, the masonry is itself formed with a proper 

jidgef 

PoiUrder magazines are usually provided with double doors and 
mudaw shutters, which are made of thick materials, and covered 
with copper* Hie winding air-holes, before mentioned, are also 
&>vered, both inside and out, with copper plates, having a great 
number of small holes perforated in them. And as an additional 
security to powder magazines of any importance, an inclosing 
brick wall, 10 or 11 feet high, is usually built round them, at 
the distance of about twelve feet. No iron or steel are ever 
permitted in the construction of powder magazines, these metals 
being liable to strike fire. Tlie floors are formed of strong 
planks, with joists boloiv tliein, which are supported by low 
brick walls or piers to keep them dry ; and care is always taken 
to produce a proper ventilation below the flooring. 

Formerly the gunpowder of fortresses was generally placed in 
towers or caseniales, near or under the ramparts of the main 
inclosure. But it being found that, in cases of explosion, maga- 
zines, so situated, occasioned practicable breaches in ihe body of 
the place, and thereby rendered tl»e fortress untenable, a rule has 
since been adopted, either to remove the principal magazines from 
tlie vicinity of the rainj)arts altogether, or to place llicm in the 
center of empty bastions, where, if any accident takes place, tlieir 
destruction will not lay open thefertress to an assauli. 


preservation, whilst the kilter, alihoiigli the clin’ercnoe in tlie slope w’as 
by no means considerabic, wcis generally damp, and on inspection, it 
W'as found that the limbers were begiimiiig to rot; in conserpieiiec of 
whicli it became necessary to raise it. 'I'o the best of my rcctdlccHon, 
the pilch of the roof of this defective magazine was equal to one third 
of iJic widtlir 
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Expense magazines are similar in constructiop to. the 
fonner, being also made bombproof, but much )B|inaller> and 
consisting of one arch only. 

Having sufficiently explained the nature of powder 
we shall next treat of galleries. 

A gallery in a regular fortress is usually arched over like a 
casemate^ but it is much lower and narrower, and generally 
longer. 

A gallery is often crennelcd, or pierced with loop-lioleSi for the 
use of musquetry. 

Loop-holed galleries are commonly placed at or near the salients 
of the counterscarp immediately under the covered way, their 
arches being supported on one side by the counterscarp revetment, 
and on the other, by a wall built parallel to it. 

In the first figure which represented the plan of your casemates, 
rub out every thing except the scarp and counterscarp lines of the 
work, which was supposed to be built according to the redan 
system. 

This being done, we 
shall proceed to draw a 
crennclcd counterscarp 
gallery in the usual form. 

Parallel to your coun- 
terscarp line, draw a 
second line to represent 
the thickness of the coun- 
terscarp revetment, whicii 
is to serve for one of the 
walls or piers of the gallery ; and which must therefore be built 
without counterforts. 
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Set off a sufficient 
8|>ace to represent die 
breaddl of die gallery, 
and draw two new lines, 
also parallel to die for- 
mer, 'to Aow the thick- 
ness of the back wall; 
which being done, draw also the end walls of your gallery. 

Then draw lines across 
the counterscarp revet- 
ment, to represent the 
loop-holes of the galleiy. 

It win now be evident, that an enemy, after penetrating into the 
ditch, cannot scale the redan, without being exposed to a reverse 
fire of musquetiy from the counterscarp gallery. 

Sometimes, but very seldom, casemated batteries have also been 
placed under the counterscarp. 

In order to explain more clearly 
the nature of counterscarp gal- 
leries, we shall next draw the 
section of one, previously repre- 
senting a ditch, covered way, and 
glacis, in the usual manner, but omitting the counterfort of the 
counterscarp revetment. 

Behind your counterscarp revetment, and on the same level with 
the ditch, draw a right line to represent the floor of the gallery, 
from the extremity of which, raise a perpendicular, to show the 
interior height of the back wall, and draw a semicircle to represent 
the arch of the gallery, observing however that this form, aldiougb 
veiy common, is not always used, 
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This being done, complete your back wall by drawmg the exte* 
rior side of it ; and draw the roof of your gallery, representing it 
with one sloping side only, leaning against the counterscarp revet^ 
ineiit. Complete also the foundation of the walls of your gallery, 
giving them offsets in the usual manner. 

Lastly, draw two lines across 
the counterscarp revetment, at any 
convenient height, to represent a 
loop-hole. 

In addition to the loop-hole, represented in our present figure, 
it is common in a crenneled counterscarp gallery, to 
form air-holes, also terminating on the counterscarp, but on 
a much higher level. 

These air-holes are usually /brmed in the proportion of one to 
every three loop-holes, and are intended for the purpose of carry- 
ing off the smoke in firing, which is exceedingly troublesome. 
This inconvenience w'oiild be effectually obviated, by having a 
store of cross bows and arrow's, in every fortress in which such 
galleries are common, to be issued when necessary, for the use of 
the defenders of these galleries, in lieu of the common firelock. 

Crenneled galleries for musquetry should not be less than or 
8 feet w ide, and they should be at least feet high to the crown 
of the arch, otherwise llierc will not be room for loading and 
fijing conveniently, with the common infantry firelock.* 

Counterscarp galleries, such as have been described, are in 
common use. The principal objection urged against them is, 
that they do not contiibule materially to the defence of a fortress, 



• The soldier in returning his ramrod after loading, requires a space of 
at least 8 feet perpendicular height, to do it freely. Much less wrould suf- 
fice by using constrained attitudes, but it is bcsl not to put men out of their 
yray, without absolute necessity. 
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^en regulalrly attacked; for an enemy may penetrate into and 
cither destroy or occupy them by mining, without being exposed 
to their reverse fire ; nor does this process add to the usual labours 
of a regnlar siege, because mining is in all cases indispensably 
necessary, in the attack of fortresses with good reveted counter- 
scarps^ in order to form a convenient descent for the besiegers, 
from the glacis or covered way, to the level of the ditch. And it 
will be evident, that a counterscarp gallery, thus taken, may be 
very useful to the enemy in his ulterior operations, although pre- 
viously of little or no use to the garrison. If however a hasty 
assault should be ventured by the besiegers, without first making 
themselves masters of the coiinlerscarp gallery in the above man- 
ner, there is no doubt but tlial the fire of this work would oppose 
a most formidable obstacle to their success. 

Sometimes a counterscarp gallery has a strong door opening into 
the ditch of the fortress, from whence it communicates with the 
xnaiu inclosurc by means of the common sallyports. 

Sometimes, for greater security, there is an underground or sul>- 
terraiieous communication, beneath the level of the ditch, which is 
arched over with a ridge like that of a casemate, and is called a 
communication gallery. 

Communication galleries are placedwlierever it is judged 
most convenient. In our present figure, a gallery of this kind 
might be formed in tlic direction of the capital of the redan. 

Draw two dotted lines 
to represent tlie position 
of your communication 
gallery accordingly. 

This gallery being much lower than the counterscarp gallery, 
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^hich it leads^ it will be necessary to have steps at the end of k. 
But the manner in which these may be most conveuiently placed^^ 
will be so easily understood, that we shall not represent any in 
our present figure. 

The section of a communication gallery shall next be drawn*. 

Draw first a right line to 
represent the general level of 
the bottom of the ditch ; below 
which and parallel to it, draw a 
second line to represent the floor of your communicaUon gallery; 
and raise perpendiculars of equal length, to show the interior 
height of tlie walls up to the spring of the arch. Then drkw a 
seinicircle connecting the top of the above perpendiculars, to 
represent the under part of llie arch ; and the interior form of your 
communication gallery will be complete. 

Draw the exterior sides of 
the walls, parallel to their inte- 
rior sides; drawing also the 
foundation of each, w ith offsets 
in the usual manner. Then draw the top of the gallery, with a 
ridge like that of a casemate ; which being done, your section will 
be complete. 

Sometimes communication galleries are not entirely buried 
under ground like our present one, but only partially so ; and in 
that case, they generally have loop-holes for niusquetry, to flank 
the ditch on each side of them. 

A gallery of this last-mentioned description is called A case- 
mated CAPONIER, because it is intended for exactly the same 
purposes as the common caponier, that is to say, partly as a com- 
inuiiication, and partly as a post for musquetry. 

To represent the section of this kind of w'ork, draw a gallery 
similar (b tlic former, but placing the floor of it on the same level 





384 ELEMENTARY FORTIFICATION, chap.xviii. 


ifith the bbttom of the ditch; and then add to your figure^ by 
drawing a loop-hole in each of the side walls. 



Sometimes a casemated caponier is sunk so mucli^ that the sills 
of the loop-holes are on the level of the ditch. Sometimes the 
earth is raised on each side^ to the height of the sills, in the form 
of a small glacis. 

Alter your figure, so as to correspond with tlie last described 
kind of casemated caponier. 



A casemated caponier must be at least 9 feet wide; other- 
wise it will be impossible for men to fire conveniently, at the same 
time, in contraiy directions : 11 or 12 feet will however be still 
better. It should, for the same reason, be about 9 feet high, from 
the floor to the crow'ii of the arch. The floor of a casemated 
caponier cannot conveniently be sunk more then feet; and 
therefore if w^e suppose the arch to be 3 feet thick, and formed 
with a moderately steep ridge, the total height of the masonry cau- 
not be less than 9 or 10 feet above the level of the ditch.* 


* Unless there arc a couple of steps left as banquettes on each side, and 
then the caponier may of course be sunk lower ; but this will render it less 
convenient as a communication, by taking from its width. 

Sometimes crenneled galleries have been established under the two para- 
pets of a common caponier, with loop-holes on one side of each gallery only, 
facing outwards. In this case, the parapets of the caponier do not termi- 
nate in the form of glacis, but have small ditches in front of them, the 
■carps of which are formed by the exterior walls of the galleries. This 
construction constitutes what is called a double casemated capojficr* 
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Galleries and casemated caponiers^ not being usually iuteoded as 
a residein^e for troops^ are seldom roofed with the same care aiul 
precautions bestowed upon caseinates. It inay^ however, be ob- 
served, that with a view of preventing damp to a certain degree, 
the exterior sides of the walls, as well as the roofs of subtenmieous 
galleries, are often coated with a casing of diy stones, .one or two 
feet tliick, applied between them and the mass of earth in which 
they are formed. When this is done, the water, which otherwise 
might settle upon the regular masonry, finds its way through the 
intervals between the dry stones, and is thus conveyed down into 
drains, constructed beneath the floor of the gallery. 


CHAP. XIX. 

OF SUBTERRANEOUS FORTIFICATION. INCLUDING THE 

USUAL DISPOSITION OF COUNTERMINES, WITH THE 

NATURE AND EFFECT OF MILITARY MINES IN GE- 
NERAL. 

A military mine is a subterraneous gallery or excavation, by 
means of which you may advance near to, and immediately under, 
your enemy's works or lodgements, in order to blow them up with 
gunpow'der. 

Tlie art of planning and executing mines of the above descrip- 
tion, is called SCBTjiinRANEOUS FOUTiriCATlON. 

Military mines may either be offensive or defensive. 

When tlie term mines’’ is used without further explanation, 
it always implies offensive mines, or those which are formed 
by a besieging army in the course of a siege. 

Defensive mines being generally prejiared before band, in a per- 
manent manner, in order to counteract the operations of any army, 
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tiiat might at some future period attack a fortress^ are called 
countehmines. 

The galleries of countermines are usually reveted with brick- 
work or masonry^ and arched over, so that their profiles differ in no 
respect from those of the galleries of communication, &c. which 
were before described. It will, however, be understood, that this 
remark' does not apply to countermines, excavated in rock, which 
of course require no interior revetment. 

The galleries of military mines have different appellations 
according to their size. There may be, for instance, a great 
gallery, a gallery, and a lo\v gallery. 

A GALLERY implies one, in which a iniddlesized man may 
walk without stooping, and in which two persons may pass each 
other without inconvenience. 

A GREAT GALLERY implies oiie, wliich is higher than the former, 
and sufficiently broad for three or four men to walk abreast. 

A LOW GALLERY is generally not less than 3 feet broad, but it 
is only 4 feet 6 inches high, or thereabouts, so that a man cannot 
walk upright in it. 

Before we proceed further, it is to be observed, that various engi- 
neers have proposed various systems of countermines, differing very 
widely from each other, even in cases where the upper works of the 
fortress have been of the same construction. But to describe 
these systems in detail, or to enter into a discussion of the com- 
parative merit of any of them, would not suit the plan of my 
present work. I shall therefore make such remarks only, as will 
sen^e to explain the nature of countermines in general, in a suf- 
ficient degree to qualify the reader, for afterwards perusing professed 
treatises on military mining to advantage. 

The most useful galleries of a countermined fortress are those 
which extend under the covered way and glacis, as they serve to 



COUNTERMINES; 


Si7 

retard an enemy’s progress, by keeping him a distkhte frohi did 
principal works of the place.^ The most common modes of dig-, 
posing such galleries shall now be described. 

Draw the outline of 
a simple front of forti- 
fication, dotting tlie 
counterscarp and the 
crest of the glacis, and 
omitting the remainder 
of the latter work, for 
the sake of clearness. 

The principal or main gallery of the countermines, iu 
almost every system of subterraneous fortification, is constructed 
close to the revetment of the counterscarp, and often goes all 
round, following the outline of that work ; in w'hich case, the 
salient parts are usually made wider than the rest of it, and are 
creniieled for the purpose explained in the preceding chapter. 

When a plan is drawn on a small scale, the galleries of couritcr- 
iniiies are either represented by spaces shaded dark, or by thick lines. 

Parallel to the dotted 
counterscarp of your 
figure, and near it, you 
will tlierefore draw a 
thick line, to represent 
the counterscarp gallery 
of your countermines. 

From THE COUNTERSCARP GALLERY, it is usual to push out 
a number of other galleries, towards the country, which arc called 
DIRECT GALLERIES. 

These direct galleries may either be parallel to the capitals of 
the places of arms of the covered way or nearly so, or if you 
think proper, they may be made nearly perpendicular to the long 
branches of the covered way. 
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In our prewnt figure, 
fiiere are fiw places of 
arms of “the covered 
way. Parallel to each 
capital of the above 
places of arms, draw 
two direct galleries, one 
to the right, the other to the left of it, placing the whole as 
nearly at regular distances from each other, as is practicable. 

If a place were fortified with countermines according to the 
system, now represented, each front would, as you may perceive, 
have a counterscarp gallery and eight direct galleries. 

In your present figure, no direct galleries are shown imme- 
diately under the capitals of your places of arms. It is to be 
remarked, however, that this is sometimes done, the disposition of 
countermines being susceptible of very great variety, as w'as before 
mentioned. 

A more advanced gallery, constructed parallel to the counter- 
scarp gallery or nearly so, is called an e nvelo>pe gal lery. 

Those parts of the envelope gallery, which intersect the pro- 
duced capitals of the places of arms, are usually made perpen- 
dicular to the said capitals, for a certain distance to the right and 
left of their common intersection. Tlie remaining parts of the 
envelope may be nearly parallel to the branches of tlie covered 
way. 

Draw an envelope 
galleiy accordii^Iy. 


. When an envelope gallery is used, the direct galleries seldom or 
never terminate there, as represented in our present figure, but 
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are commonly pushed forward to a considerable distance beyond 
it ; which may either be done in the same allinemeati'or from new 
points, if you think proper. 

Add to your figure^ 
by drawing eight di- 
rect galleries in front 
of your envelope, six 
of which must be 
formed by producing 
six of your former 
direct galleries; but 
let the remaining two 
start from new points. 

Those portions of the direct galleries, which connect the couip* 
terscarp gallery and envelope together, are sometimes, from that 
circumstance, called communication galleries. 

Those portions of the direct galleries, which are the most 
advanced under the glacis towards the country, are usually called 
LISTENING GALLERIES, because the miners of the fortress 
besieged keep watch there upon the enemy’s operations* 

Consequently, in our present figure, there is a counterscarp 
gallery, an envelope gallery, and direct galleries; the latter con- 
sisting, partly of communication, and partly of listening, galleries. 

Some writers have recommended that there should be more thau 
one envelope gallery ; but it is unnecessary to draw a new figure to 
exemplify this construction, as the thing may easily be understood. 
Wlicn there are two galleries of this description, that which is the 
most advanced is called the second envelope. 

A TRANSVERSE GALLERY is oiic, w’hich is Supposed to intersect 
the direct galleries nearly at right angles. This term, however, is 
seldom or never applied to any gallery of considerable extent, such 
as the envelope, but denotes a short gallery, perpendicular, or 
lUiarly so, to the produced capital of a place of arms 
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. Bub out all ^ur gal* 
leiies, except the coun- 
toTBCarp gallei7. 



Draw a transverse gallery, in front of each of your three salient 
places of arms ; and connect the flanks o r extrem ities of these to 
your counterscarp gal- 
leiy, by direct galleries. 

It is not, however, 



necessary, that direct 
galleries, constructed for 
this purpose, should 
extend in the same 
continued right line : they may either curve a little, or form an 
angle. You will therefore draw tlie new direct galleries, in your 
present figure, accordingly. 


From the center of 
each of your tliree trans- 
verse galleries, draw a 
listening gallery ; and 
from the reenterina: 
angles of tlie counter- 
scarp, push out direct 
galleries, in the alline- 
ments of the cajiitals 
of the two reentering 
places of arms. 

It was before okserved, that there may be two envelope gal-, 
leries, and in like manner, there may be more than one transverse 
gallery, in front of the same work. 
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Draw a second or 
more advanced trans- 
verse gallery in front 
of your ravelin, and 
from the extremities of 
it, push forward two 
new listening galleries. 

Instead of direct, and transverse or envelope galleries, intersect- 
ing each other perpendicularly, or nearly so, galleries may be 
pushed out from tlie counterscarp, so as to intersect each other 
obliquely, in tlie form of the letters X or Y. 

Rub out your figure. 

Draw^ dotted lines to represent part of 
the covered way, in front of the salient 
angle of a bastion, ravelin, or other w'ork. 

And draw also a thick line for a counter- 
scarp gallery. 

From your counterscarp gallery, draw three direct galleries, one 
under the capital, the others at equal distances to the right and left. 




Having continued these direct galleries 
to a certain distance, in the usual manner, 
you will then, from the extremity of each, 
draw two galleries branching off obliquely 
both to the right and left, until the lines 
thus drawn form two intersections; after 
which you w’ill draw direct galleries to- 
wards the country, from the advanced 
points of intersection, thus faund.*^ 



* With a view to give some precise notion of diflerent dispositions of 
countermines, which have been actually proposed by engineers, who ba\o 
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The part, ^her^ two or more galleries intersect each other, is 
called A JUNCTION. These parts should be made rather more 
spacious thaii the remainder of the galleries. 

From the various figures, which you have now drawn to illus- 
trate the usual disposition of defensive mines, you will have 
observed, that the galleries of countermines are laid out in such 
a manner as to intersect the glacis, nearly at equal intervals from 
each other, so that the ground is, by these various intersections, 
divided into spaces or coMPiMiTMENTS, in as regular a manner as 
possible. Consequently, on whatever part of the glacis an 
enemy may form a lodgemtuit, the miners of the place besieged 
may always advance \ery near to the spot, by means of their 
various galleries, which, whilst they remain perfect, serve as so 
many subterraneous roads, whereby men may take post in any 
required po^^ition. 

Ill order (o make tlie mosf of this advantage, the besieged 
always endeavour to jiresorve the principal galleries of their coun- 
termines as long as possilile; and for this reason, they do not 
lodge the gunpowder, intended for an explosion, in or near to these 
galleries, but in shorter ones, pushed out to a certain distance from 
them. 

For instance, from the direct galleries, which advance under the 
glacis, shorter galleries are formed to the riglp and left, and from 
the transverse or envelope galleries, as also from the counterscarp 
gallery, short galleries are in like manner pushed out to the front. 

The short galleries of the countermines, now' alluded to, which 
are intended for the purposes of actual explosion, arc called 
branches. 


written on the subject, the jircscMit fipirc represents ]Marcscot\s system ; 
the last fitiished tigure (See the first figure of page r»91) rcpre.seiits 
system; and the furnicr figures (See pages r.88 and 309) represent systems, 
which have been, freipieiitly, cither executed or recoiuniciided. 
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The BRANCHES are usually much smaller than the galleries . 
of the countermines, \ihich, as was before observed, serve priu- 
cipally for communications, and they are from their dimensions 
distinguished into two kinds, great and small. 

A SMALL BRANCH is barely of such a size, as to allow men 
to work in it ; and they cannot move, but on their knees, or by 
crawling on their bands and feet. 

A GREAT BRANCH is of a medium size between the small 
branch and the low gallery. 

The powder, in military mines, is not lodged exactly at the 
extremity of the gallery or branch, where the explosion is to 
take place, but in a recess, cut some feet to the right or left 
of it. This recess is called the chamber of a mine, and is 
ifsually representeej in ^ plan by a small stjuare or rectangle. 

Draw two lines, parallel to each other, to represent part of a gal- 
lery of the countermines, as for instance an envelope or traufverse 
gallery, on a larger scale than that of your former figures. 


From any convenient part of it, draw a branch or narrower 
galleiy’ perpendicular to it, at the extremity of \^hich, and to the 
right of it, draw a small square to represent a chamber ; and rub 
out siipci'fluous lines. 


In mining, whenever the direction of a gallery or branch is 
changed to the right or left, the angle thus formed is called 
A RETURN, as is the case, for example, in the cliantber repre- 
sented in our present figure. 
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Sometimes ibo same branch, after a certain distance, lead 
to two, three, or more branches, diverging from it in various 
directions, edch of which may have a chamber at the end of it. 

Draw a second branch, proceeding from the same gallery, 
paralleh to the former, and of the same length nearly. 

From the extremit}’ of this second branch, draw two shorter 
ones, diverging to the right and left, with a chamber at the 
extremity of each. 




Draw a third direct branch, exlrnding from the gallery, parallel 
to the two former principal branches, represented in your figure, 
and of the same length nearlv. 

mf 

From the extremity of this third branch, draw three shorter 
branches, diverging from it, one in the same allinemcnt, the others 
to the right and left. Draw also a chamber at the extremity of 
e^ch. 


ff 




Draw a fourth direct brancli, extending from the gallery, 
parallel to your tliree former principal branches, and of the 
same length nearly. 

From the extremities of this last branch, draw two shorter 
branches to the right and left, in a perpendicular direction, and 
let each of these also diverge into two new short branches at 
right angles to it. 
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And at the extremity of each of the four lasUiiwntioned branches, 
draw a chamber. 






nl 


Yolir figure now represents part of a gallery of tlie counter? 
mines, from whence proceed four pi^ncipal branches, leading to 
ten chambers. 

It is here proper to observe, that although the term " mine” is 
general, and may apply to the whole of any excavation, however* 
extensive, it is in military language often used in a more limited 
sense, so as to denote that portion only, which is actually prepared 
for the purpose of explosion. 

For example, our present figure may be said to represent a 
gallery, M'ith branches, in the latter of which several mines are 
supposed to be established. 

Hie mine, formed at the extremity of your first branch, is called 
A SINGLE MINE, having only one chamber, and consequently 
being only capable of producing one explosion. 

The two mines, formed near the extremity of your second 
branch, constitute what is called A double mine, as they pro- 
ceed from the same junction, and may be fired together. 

For the same reason, the three mines near the extremity of the 
third branch constitute a tbiple mine ; and the four mines near 
the extremity of the fourth branch constitute a ouadruple mine. 

Double, triple, quadruple, &c. mines, being intended to pro- 
duce simultaneous explosions, are called conjunct mines, in 
order to distinguish them from single or independent mines. 

It is to be observed that the term ^'springing” is often used 
to denote the act of exploding a mine; so that A MINE, when* 
exploded, may also be said to be sprung. 
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^ In the defence of countermines^ after all the branches leading 
from any part of an advanced gallery are used, the mines at the 
extremities of them, having been fired in order to annoy the besieg- 
ers, so that the ground there is consequently no longer favourable 
for die formation of new branches ; it is then usual for the besieged 
to destroy that part of their gallery, for the purpose of preventing the 
enemy from penetrating by means of it;* whilst they themselves 
retire to their remaining galleries, of which they make successively 
a similar use. 

In short, in subterraneous warfare, the same rule is followed, as 
in defending the upper works of a fortress. The most advanced 
parts are resolutely maintained, and the ground disputed inch by 
inch, in order to retard the enemy's progress, and keep him at a 
distance from the body of the place, as long as possible. 

In addition to the countermines already described, which are 
formed under the covered way and glacis, galleries are also prepared 
for the protection of the outworks aud main iticlosure, after the 
enemy shall have made himself master of the counterscarp. 

The galleries of a ravelin, bastion, &c. have different names 
according to their position. For example there may be a covering 
galleiy, a scarp gallery, a rampart gallery, and a retired gallery. 

A covEUiNG GALLERY denotes a gallery, constructed in front 
and parallel to, a scarp revetment. It protects a Mork, by 
impeding the enemy in his passage of tlie ditch, under which it ia 
excavated. 

A aCAEP GALLERY denotes one, which is consAicted close to 
the back of the scarp revetment of a work. 

A RAMPAET GALLERY denotes one, which is constructed at 


* With this view strong doors arc sometimes placed in various parts 
of the galleries, behind which the besieged miners retire, mid either 
§te upon the assailants,, or throw sulTocating balls to annoy them, through 
crennels made for the purpose. Jn some galleries, deep trapboles, covered 
with tilting doors, liav^ also been formed to impede an enemy's progress*, 
qins was done in the countermines of St. Philip’s Castle in Minorca. 
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some distance behind the scarp revetment, either under the middle* 
of the terreplein, or towards the rear of it* 

A RETIRED GALLERY denotcs One, which is constructed 
entirely in rear of the ranypart of a bastion, ravelin, or other work, 
but which is supposed to be laid out parallel to it, unless any thing 
to the contrary is specified* 

A CAPITAL GALLERY denotes one, which is constructed imme- 
diately under tlie capital of a work* 

And in like manner, a reverse gallery and a gorge 
GALLERY denote those, which are constructed in the reverse, or 
under the gorge of a work. 

The position of such galleries may be sufficiently understood, 
without adding any new figures for the purpose of illustrating 
them. In their dimensions and use, they are similar to the former 
galleries, which have already been explained; branches, with proper 
chambers, being pushed forward from them, for the purposes of 
explosion, in any required direction. 

It ought, however, to be understood, that the above various gal- 
leries have never been combined in the defence of the same work. 
On tlie contrary, more than one principal gallery, parallel to die 
scarp line of a work, has very seldom been used. The several 
positions, that have been enumerated, are therefore to be con- 
sidered, as a specimen of the great variety of ideas and systems, 
before alluded to, w^hich have prevailed as to the proper disposition 
of military mines.* 

The obje^lllll^f countermines, used for the protection of a bas- 
tion, ravelin, or other work, is, first to impede the enemy in fais^ 


* There has been the same variety of opinion, as to the proper position 
of the prittdpal gatlery’^of the covered way. Some authors, for example, 
instead of placing it close to the counterscarp, have recommend^ that it 
should be formed more in advance, either under the middle of the terreplein 
of the covered way, or under tlie crest of the. glacis. 
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passage of the ditch : secondly, to dear away the rubbish from 
the breach, sO as to render it less practicable : thirdly, to blow up 
the hostile troops employed in an assault : and lastly, to destroy 
their lodgements, if they should eventually succeed in gaining pos- 
tiessioh of a part of the rampart. 

It may perhaps be almost superfluous to observe, that the 
retrenchments of bastions, ravelins, and other works, may also be 
strengthened by means of galleries, in a manner exactly similar to 
that which has just been described. 

Having explained the general nature and distribution of coun- 
termines, I shall next proceed to describe the mode of preparing 
hn explosion, and the usual effect thereby produced. 

When the soil is diy, the total quantity of gunpowder, intended 
for the charge of a mine, may be carried to the chamber in sepa- 
rate bags, each containing 40 or ^0 pounds, which may be built 
up in a cubical form. 

When the soil is damp, the outside of these bags may be 
greased, or, what is more common, a wooden coffeb or powder 
sox maybe used, which is conveyed empty into the chamber, and 
is there filled witli gunpowder. 

Metal FOW'DER cases of tin or copper may also be used for 
the same purpose, by way of greater precaution. 

When a mine is loaded, that is to say w'hen the charge of powder 
is deposited in the chamber, a considerable portion of the branch, 
ifrhich leads to the chamber, must be blocked either with 
sand bags or rammed earth ; or with a mixture of earth, stones, 
short beams of wood, Sac. closely packed togetlier. 

After it has been blocked up ia this manner, a mine is said to 
be tamped, and the earth and other materials, used in so doing, 
mre called the tamping. 

The tamping is intended to create a great resistance to tha 
explosion, in the direction of the branch or galleiy, and the 
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chamber of a mine is formed with a return, as was before explained, 
for a similar reason, namely, in order that die gunpowder may act 
with the greatest possible effect, against the enemy’s works or 
lodgements, which it is proposed to blow up. If these precau* 
tions were not taken, that is to say if the powder were lodged, not 
in a regular chamber, but at the extremity of the branch itself, and 
if it were then fired without previously tamping the mine, a con- 
siderable part of its force, when exploded, would be uselessly 
wasted in destroying the branch and the adjoining gallery. 

As soon as a mine is loaded, a train of gunpowder, or other 
inflammable matter, is laid in a narrow channel or tube, extending 
backwards from the charge tow^ards the rear of the branch, which 
must be properly covered and secured against accidents, before 
the operation of tamping is commenced. 

Thk TUAiN or A MINE is usually contained in A powder 
HOSE, protected by casing tubes. 

The hose may be made of strong linen, and should not be less 
than one inch in diameter. 

The CASING TUBES are usually made of wood. The best 
mode of forming them is to take some narrow pieces of inch 
plank, and groove them longitudinally on one side. Any two of 
these, when applied togetlier with the grooves inwards, will form 
a compact hollow tube, which must of course be rather larger in 
diameter, tliau the filled powder hose, which it is intended to 
contain. 

The train of^ mine is also sometimes called the priming, 
and after the train is laid, a mine is said to be primed. 

After A MINE IS LOADED, PRIMED, AND TAMPED, it is fired 
by means of a piece of portfire, attached to the tail of tlie pow der 
hose, or priming, and cut to such a length as to bum for one or 
more minutes, before it communicates w itli the powder, in order to 
give time for the miner who fires it, to retire to a sufficient distance. 

Sometimes, by w ay of greater security against damp, the train 



400 elemenYary fortification. 


CHAP. XIX. 


of a mine may be laid in metal phiming tubes, made of tin or 
lead* rhese^ if the former metal is used, may be inclosed in 
nvooden casings, of the nature before described, to prevent them 
from being crushed by the tamping. 

It will readily be understood, that the train of a mine serves 
merely as a communication tluough the tamping, upon the extent 
of which its length must depend. If no tamping were used, a 
long tiain would therefore be entirely unnecessary. 

In conjunct mines, which are intended to produce two or more 
SlMXJLTAN'EOUS EXPLOSIONS, die train of each charge is led back 
to the junction, where it communicates with all the others, so that 
’ 010 ' whole of them meet in one point, and are fifed at the same 
JDoment. 

*The various trains of a conjunct mine should all be exactly 
df the same length. The point, in which diey unite, is called 
^The focus of ignition ; whilst the center of the charge, con- 
tained in each chamber, is called the focus of explosion. 

When the term “ focus’' is used, in speaking of a single mine, 
without any furdier explanation, the focus of explosion is always 
implied. 

When gunpowder is lodged under grou.ud, and exploded, it 
has a natural tendency to act with eqiial force in all directions ; 
but as it is opposed in acting downwards and laterally, by a 
miich greater resistance than it is able to overcome, the principal 
visible effects of die explosion are always produce(( in die direction 
of the nearest surface, where it meets the least resistance. 

To exemplify this by a figure, draw an outline to represent the 
surface of die ground, partly horizontal, and partly sloping at an 
angle of about 45 degrees : nhicli being done, below the horizontal 
surface, draw a small square, A, to represeut the chamber of a 
loaded mine, and near the sloping surface, and at an equal dis- 
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tance from it^ draw a second small square, B, to represent the 
loaded chamber of a second mine. 



From the focus of the mine, A, draw a line, A a, perpendicular 
to the nearest surface, which will be a vertical line, and from the 
focus of the mine, B, draw, in like manner, a line, B b, perpen- 
dicular to the nearest surface, which will of course be obliqpe to 
the horizon. . 


a 



These being the shortest lines, that can be drawrn from each 
focus, to the nearest surface, there w ill consequently be a smaller 
mass of earth to resist the action of the powder, in the direction of 
these lines, than in any other direction. For this reason, the line’ 
A a, is called the line of least renstance of the mine, A ; and the 
line, B b, is called the line of least resistance of the mine, B. 

When a mine is exploded, underground, under the circumstances 
represented in our figure, it blows up or shatters the surrounding 
earth in such a manner, as to form a cavity shaped not unlike a 
bowl or’ bason. This is called the chatee of the mine. 

In earth of uniform tenacity, the crater of a mine is often 
nearly regular in its appearance, which however is not alike in any 
two similar cases ; and thcre^re the investigation of its precise 
form, which many writers have attempted to fix by mathematical 
calculation, is a pursuit absolutely chimerical. But as an ap- 
VOL. 11. p D 



402 ELEMENTARY FORTIFICATION, chap. xix. 


proximatioQ to the truth, with a view of merely finding the average 
quantity of earth, affected by the action of gunpowder; an inverted 
parabola, of which the axis agrees with the direction of the line 
of least resistance, and of which tlie vertex is deeper under 
ground than the bottom of the chamber, may generally be assumed, 
as a tolerably accurate section of the crater of an exploded mine* 
The mean diameter of tlie crater at the surface, for although 
nearly, it is not always exactly, circular, as well as the depth, to 
which it extends below the focus, will be greater or less, in pro- 
portion to the quantity of powder used in the explosion. 

Upon each of the lines, A a, and B b, as an axis, produced 
about one third of its original length, you will therefore draw a 
^ai^bola, to represent the sections of the craters, supposed to be 
HHimed by the mines, A and B, when exploded ; making the width 
each crater at top equal to twice the line of least resistance : 
JId let the original chambers, A and B, be dotted. 



But although, on examination, the whole of the earth, contained 
within the outline of each crater, will be found to have been affected 
by the explosion; it is to be remarked, that those particles of it, which 
are below the focus, are not always actually thrown out, but some- 
times merely bruised and impelled downwards, with a compressing 
force : and in any mine, such as that marked A, in our last figure, 
whose greatest force is exerted vertically, a considerable portion of 
the earth, which is either actually blown out of the crater, or taoved 
to a certain height above its original position, falls down again, 
into tlie same place nearly, after an explosion. In a mine, such 
as B, on the contrary, which acts in an oblique direction, a much 
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smaller portion of the exploded eaith finds its Mvfty back into the 
crater^ as it is chiefly impelled laterally. 

Consequently the section of each crater^ as it appears after the 
explosion, docs not assume a form nearly coinciding with those 
represented in our present figure, in average dimensions, until .all 
the loose earth has been removed. The actual state, in which 
the explosion leaves them, wall be shown more correctly by the 
following figure, in which the space contained in each crater, 
between the dotted curve and the other, shows such parts of the 
original earth as are injured, but not finally removed from the 
spot, by the action of the gunpowder. 



It is to be observed, that the parabola is, in almost all cases, 
a tolerably correct representation of the section of a crater, in 
the state in which it is actually left by the explosion. But after 
the whole of the loose earth, which is either moved or injured by 
the effect of a mine, is cleared out ; then the section of the crater 
will often be found to differ very widely from die above figure, 
which, as 1 before observed, was merely chosen by way of 
approximation. Sometimes, for example, an emptied crater haa 
thSTomi of an inverted frustum of a cone nearly!’*^ Sometimes 
the upper part of it only has that form, whilst the lower part of it 
resembles a shallow dish or saucer, so that in section this part 


* When an upright cone is cut through horizontally, tlie upper part of it 
towards the vertex forms a si p^jUje ^ l^^t perfect cone, similar to diji^^priginal 
body. The lower or imperfect portion, into which it is thus di^ed, is 
•ailed the frustum of a cone. "" "" 
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erater would be formed in the event of explosion ; but the whole 
ma^s b^ blown into fragments in all directions^ as is shown 

b^ lljf* !»in sting ot a bomb^j^ lL 

Tht t ’ aii^;tlier case, even in subterraneous explosions, where no 
regnbir c\u linTcTafer would be formed, that is, w^n the quantity 
of lodged in the chamber of a mine, is too sinall to over- 

come the j esistance of the earth above it, so that no visible effect 
is psoduced at the surface, which at the utmost will merely be 
crackcil by such an iiiadcquatc charge. On digging down to the 
spot, where tlie powder w as placed, an internal crater, of an irre- 
gular globular form, will, however, sometimes be found; a part of 
W'liicli, at lea'Jl in stiff srW, will often be quite hollow, the remainder 
of it being filled with earth loosened by the explosion. This is 
called A SMO THERED MJ NE. ' 

Tlie line of le ast resista nce is often, for the sake of conciseness, 
simply termed the line ofa mine. TfiTsline is of the greatest 
importance in militaiy minii^ ; for upon its lengtHTdepends the 
quantity ot powd^’, which it is proper to use, In order to produce 
a required effect, in soil of a g iven tena city ; and it also serves as 
a scale for measuriiig the uomparative po\ve|^of different mines. 

For example, a quantity of guiipowdt'r whicli is just capable of 
producing a crater, w’hose diameter shall he double the line of 
least resistance, is called an oroinauy charge, and a crater 
of this proportion is called an ordinary crater, or a 
LINED CRATER. A Crater, which is three times the line of least 
resistance in diameter, is called a three lined crater. A 
crater, which is four lines iti diameter, is called a to or lined 
CRATER : and in like manner, there may be a five lin ed crater, 
a six LINED CRATER, &C. &C. 

When .a mine is loaded with a quantity of powder, wliicli is too 
small to produce a two liped crater, it is termed an under- 
charged MINE ; but if it were loaded with a quantity of powder, 
capable of producing a much greater effect than the above, it would 
be termed a surcharged mine; and the charges of such mines 
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are called etctraordinary charges. These are distinguished 
from each other, in proportion to their intended effect, by the same 
terms, before applied, in speaking of the craters of mines. 

Thus for example, there may be an ordi»n§> i charge, a three 
lined charge, a foiur lined charge, a live lined charge, a six lined 
charge, 5cc. 

And in like mamier, aniline, intended to produce a given effect, 
may be termed an ordinary mine, a three lined mine, a four lined 
mine, a live lined mine, a six lined mine, &c. Sec. 

A mine is also distinguished by the depth o r length of its l ine of 
least resistance, expressed in feet. Thus^for example, a ten foot 
MIHE denotes one, which has a line of 10 feet : a fifteen foot 
MINE denotes one, which has a line of 15 feet, and so on. 

Surchar ged mjn es, particularly when tpaded wi th extraordi narily 
larg e quantities of pow der, have often been st >jed globes of 
COMPRESSION. This term is by far too vague to convey any 
distinct notion of the proposed effect of an explosion, but having 
been very generally used, it would not be proper to omit it.* 

When the line of a mipfi js giv en, the proper ordi nary cha rge, or 
one capable of prodiiping a t wo lined pr ater, in soil of a middling 
tenacity, may be found witli sufficient accuracy by the following 

simplft nilp^ 

^^Rule. Cube the line least resistance in feet, and one tenth 
of the result (fractions hei^ disregarded) will be the required 
quantity of powder in pounds. 

Thus for example, supposing the line of least resistance of a 
mine to be 12 feet: the cube of ]£ is 1728, which being divided 
by 10, and the fraction struck out, gives 172 lbs. of powder, as 


* The pompous term ‘‘ globe of compression/’ w'hich signifies nothing 
more than a common military mine, loaded with an unusually great quantity 
of powder, was first introduced by Belidor, for tlic purpose of illustrating 
his theory of the action of gunpowder in mines; but hoMxver applicable 
to t]ieor(‘tical purposes, such high-flown expressions should, as much 9 ^ 
possible, be banished from practical language^ 
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the proper charge for producing an ordinary crater, in common 
aoil. In soil of a difierent nature, more or less powder might, of 
course, be required to effect the same purpose. 

It is not my intention to treat at large of the rules for finding the 
proper charges of mines under various circumstances ; suffice it to 
say, that in mines of different depths, when similar craters are to be 
produced, the proper charges will be nearly in proportion to the 
cubes of their respective lines, as may be inferred from the fore- 
going rule. But in min es of die same d epth, when m ore than two 
lined craters are proposed, the ii owde r proper for extraordinarily 
larg e charges must be increa sed, in proportion as a greater effect is 
intended, in a considerably greater ratio, than that whei^by the 
square of the diameter of tlie proposed crater exceeds the square of 
the diameter of an ordinary crater.* 

> ^ . 

^ • From experiments recently made at Chatham, in soil of imifornit 
“•^tenacity, consisting of fine sand mixed with clay, weighing about 124 i bs. 
per cubic foot, and capable of standing without support in the form of a 
.small galier^, the undermentioned conclusions as to the proper charges of 
Jiiiiies if! such soil have been drawn. 

Rule. Multiply the cube of the line of least resistance, in feet, by tho 
following numbers, a Inch will give the charges, in pounds, necessary for 
producing (he folfowing cfl’ects : viz. 

In order to produce a one lined craler, multiply by *033 {or in other words 
divide by 30) : To produce a two lined crater, multiply by *095 : Fora three 
lined crater, multiply by *21 : For a four lined crater, multiply by *45 : For 
a five lined crater, mulliplj^ by *93: For a six lined crater, multiply by 
1*75: ]\>ra seven lined crutcr, miilti])ly by 2*25: For an eight lined crater, 
multiply b> 3: For an lined crater, multiply by 6*5: And for a nine 
lined crater, multiply by 1*. 

In a one lined crater, the earth is either merely agitated, or only raised a 
very little higher than the surface, and then falls down again into its original 
position nearly. In a four lined crater, it is blown out to a^leptb equal to 
the luie of least resistance, and is afiected to times that depth. And in 
a nine thied ccater, it is blown out to the depth of 2| times the line of least 
resistance, and is affected to 2f times that depth. Rut it is to be remarked, 
tliai there is litllc certainly in those proimrtions, for the mean depths of two 
craters, under similar circumstances, usually diller more than their mean 
diameters. 
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It was before' stated^ that the action of gunpowder, in all but 
smothered mines, forms a crater of a certain diameter, which extends 


lu the course of experiments, above alluded to, we found that Belidor 
was mistaken in his supposition, tlmt it was impracticable to produce more 
than a six lined crater, by the greatest possible qiiaulitv of powder that can 
be used; and still more so, iti tlie assertion, that in all cases about 300 times 
the line of lcast resistance, in feet, is the proper cliarjfe, in pounds, necessary 
for the above purpose. For wc, by a eliar«^c of only 16 limes the line of 
least resistance, obtained a six lined crater; and by a ebar^e of 108 limes 
the said line, we obtained a nine lined crater, v^hicb, according; to bis doc- 
trine, ought to have been impra<;ticable. But it is to be fibserved, that all 
our charges were placed at a small distance from the surface. Had onr 
chambers been sunk live or six times deeper than they actually \iere, then 
instead of producing a sfx lined crater, by a niucb smaller proportion of 
powder than Belidor prescribes, it Would have retpiired a considerably 
greater charge than his, to obtain the said cfletd. For the powers iieressary A 
to move similar solid bodies arc in the proportion of the cubes of llieir like^ 
sides, not in the proportion of the said sides themselves, as is implied in^ 
Belidor*s proposition. 

Notwithstuiuling these very ;)alpabie objections to that au^ior!s erroneous 
nile of multipljiiig the line of least resistance alw ays by 300, in order to 
iiiid the proper charge of what lie calls a globe of compression, it has been 
implicitly copied )»y all the subsecpiciit J^rencli wTiters on the same su!>jcrt, 
up to the present day ; and it is to be observed that all tlicjr reci iil lK)(»ks on 
military mining abound vi ith practical errors of a siinile.r nature. 'NA'itness 
the peculiar mode of sinking a shaft, proposed by a Captain Jloulo, which 
they universally hold <uit, as being in many eases thejiest and most 
expeditious method of pei forming that operalioii; but which, it may be 
presumed, none of tlieni have ever tried, fur it is not only very absurd, but 
generally speaking impracticable. 

In these remarks, whi<-h I could easily corroborate* by a number of 
similar exanqilcs, 1 do not mean ro uiidcrvahK* the labours oi‘ Helidor, who 
was the first that brought the art of military mining to any degree of per- 
fection: but as far as regards bis disciples, the more modern French 
writers on the same subject, who also have their merit, I take this 
opportunity of recommending, that their works should nev(‘r b^' read 
without due caution and cliserimination ; since they have "kiot in general 
taken the trouble, to draw a proper line between untried projects, and 
established facts; and instead of having recourse to experiments, fliey 
have been much too fond of indulging their imaguiation in the iii\eiitioii of 
new systems, and much too credulous in cop}iiig from their piedccessors. 
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dowDivards, or laterally, only to a comparatively small distance 
from the focus, by reason of the greater resistance opposed to the 
explosion, in these directions, by the solid mass of earth. If, how- 
ever, instead of being solid on all sides, there were any cavity in the 
earth, such as a gallery or branch, eithet below or on one side of 
the supposed mine, within a given distance from the focus, then the 
effect of the explosion would be different, for it would not only form 
an external crater, but \vould also act with considerable force 
towards the cavity, on account of its meeting with less than the 
usual resistance, in that direction. Consequently, a loaded mine 
will blow ill and destroy any neighbouring gallery, at a much 
greater distance, than its sphere of action could possibly extend to, 
in solid earth. 

It has been found by experiment, that a surcharged mine, 
V^apable of producing a six lined crater, will destroy subterraiieous 
galleries, at the distance of more than four times its o>vn line of 
least resistance from the focus. For which reason, such mines 
have been more commonly used by the assailants than by the 
defenders of a fortress; the latter, as was before observed, being 
desirous to protract the operations and preserve their own galleries, 
as long as possible. 

In consideration of what lias just been explained, it has been 
judged prudent, in using ordinary charges, not to establish the 
chamber of a mine nearer to any gallorv, wiiicli you wish to pre- 
serve, than twice the line of least resistance. Indeed a greater 
distance may be considered desirable. For the same reason, the 
tamping of a loaded mine should extend at least .1 i times, or twice- 
the length of the said line; and in single mines, which are to act 
successively, if their chambers are placed nearer to each other than 
the-above distance, care must be taken before any of them is fired, 
to load tump the adjoining ones on each side. 

The chambers of mines may, of course, be formed at very dif- 
ferent depths or levels, according to the object proposed. Some 
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CDgineers have recommended establishing chambers vrithin a short 
distance of each other^ on three different levels or stages. By this 
means^ aftei^ the first or upper tier is exploded, a new lodgement, 
formed nearly on the same spot, may be destroyed a second time 
by die middle tier, and a similar process may be repeated a third 
time by the lower stage or tier. 

In MINES OF SEVERAL TIERS OR STAGES, the chambers are 
never formed vertically under each odier, but obliquely at a certain 
distance, which even, when measured horizontally, as it would 
appear in a plan, is usually not much less than li times the line 
of least resistanci^ ; and the difference of level between each stage, 
when there are more than two, seldom exceeds 5 feet. 

The general level of the galleries of countermines may some- 
times be considerably lower than the spot, where the entrance t(| 
them is formed. 

In that case, it is usual to sink a squai^ or circular pit, resembling 
a well hole, perpendicularly downwards to the requisite depth, 
through which men may descend into the gallery, by means of 
winding staircases, ladders, &c. 

In mining, any pit excavated for the above purpose, is called 
A SHAFT. 

The shafts of counteimines are usually reveted with masonry : 
those of offensive mines are secured by woodwork. 

It is to be remarked that shafts, like galleries, may serve, not 
only for the purposes of mining, but also as communications : and 
in the latter case, they should be more spacious than usual, and 
ought to have at least two w'inding staircases, carried up the circum- 
ference, at equal distances from each other in every corresponding 
part. Shafts of communication of this nature are however seldom 
necessary, except on fortified heights. 

Sometimes, instead of using shafts, in mining, the necessary 
depths or levels may be gained, by making the galleries ascend 
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or descend, from one level to another, according to an inclined 
plane. 

When the difference of level is considerable, in inclined 
GALLERIES, Steps will be necessary; but when gradual, aslope 
witliout steps may be sufficiently convenient 

The nature of ascending or descending galleries 
may be sufficiently understood without a figure. One section only 
shall be added, to show the manner in which the galleries of coun- 
termines may extend under a glacis. 

Draw a counterscarp, covered way, and glacis, in section. 

Draw also a counterscarp gallery, similar to that which you 
before drew, but you need not represent any loophole. 



From your counterscarp gallery, draw a right line extending 
under the glacis, to represent the level of the floor of a direct gallery. 

Draw a second line over the former and parallel to it, to repre- 
sent the level of tlic roof of your direct gallery. 

Rub out those lines of your counterscarp gallery, which will 
become superfluous as soon as the new gallery is drawn : and then 
draw a third line parallel to the former, to represent the top of tlie 
arch of your direct gallery. 



About the middle of your direct gallery, draw a figure to repre- 
sent the entrance of an envelope gallery, seen in elevation, of Uie 
same height as your direct gallery. 
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At the extremity of your direct gallery, draw a similar figure, to 
represent a return or branch, leading to one of th^most advanced 
chambers^ 



Beyond this, draw two vertical lines from the surface do\vn« 
wards, parallel to each other, to represent the sides of a shaft 
formed by the besiegers, in order to attack the countermines. 

Draw also a portion of gallery or branch, pushed out from the 
above shaft, which wall be represented by two parallel lines only, 
at the extremity of w'hich draw a rectangle to represent a return 
leading to the chamber of an ofTensive mine. 



The entrance of the shaft, &c. supposed in the above section to 
be excavated by the besiegers, would of course be protected by a 
parapet, thrown up in front of it to\vards the fortress. This work 
is omitted in our figure, in order to avoid confusion. 

The galleries of countermines only are prepared beforehand, in 
a permanent manner ; the various branches and chambers, which 
may be required for the pmposes of explosion, being usually 
formed during the period of a siege, or at the time when a siege is 
confidently expected.* Such being the case, they cannot of course 


• In SI fortress foiinde<l upon rock, not only Hie galleries, but also the 
principal branches and chambers of the coiuitcrmines, should be execatc«d 
beforehand. 
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be reveted with masonry. Woodwork is therefore used to prevent ^ 
the earth from falling in ; and the same metliod is practised by die 
besiegers, in their offensive mines. 

The woodwork of shafts and galleries is composed of frames 
and planks, the former of which are placed at intervals, uot 
exceeding 4 feet apart, measured from center to center. 

A SHAFT FRAME is usu^ly made square, and consists of four 
pieces. 

A GALLERY FRAME, of BRANCH FRAME, is made rectangular, 
and when put together and set up resembles a common door or 
window frame, in its appearance. Each of these last mentioned 
frames also consists of four pieces, namely one groun1)SILL 
laid as a sleeper, two stanchions, and one capsill. 

In a gallery or branch, there are roofing planks to cover 
the top, extending from one frame to the other, and side planks 
to line the sides of the excavation. The latter may often be dis- 
pensed with, but it is always pnidcnt to use the former, ev.«n in 
stiff soil ; excepting however sound chalk, and other substances, 
which local experience may have proved to be capable of standing 
VAithout support.* Tlie roofing planks and side planks are some- 
times called, by miners, the top sheeting, and side 

SHEETING. 

The sides of shafts must also be secured by planks, extending 
from frame to frame. 

Miners, employed in digging a shaft, are said to be sinking it, 
whilst the term ‘‘ driving” is applied to die formation of a gal- 
lery or branch ; and the advanced extremity of any gallery or branch, 
where the men are at work, is called the head of the mine. 


• A figure nearly resembling a gothic arch, that is to say, an ar^j^h com- 
posed of two segments of a circle, intersecting each other at the crown, is 
tlie best adapted for the section of an unsupported gallery. 
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In excavating the galleries of countermines, for the purpose of 
reveting them, frames and planks or sheeting must also be used, in 
the first instance, before the arches are built. These should not, 
however, resemble the rectangular frames, &e. of the temporary 
mines, before described, but should be made and put together, 
according to the system used, in tunnelling, in civil works ; and 
the excavation should never be pushed on, more than 6 or 8 feet 
beyond the masonry. 

After driving a galleiy to a certain extent, which varies 
according to circumstances, but seldom exceeds 80 or 90 feet, 
at the utmost ; the air will become bad, so that lights will no 
longer burn, and it will be impossible for the miners to continue 
their work, unless shafts or air-holes are pierced through the roof 
of the galleiy, to produce a proper ventilation. But as external 
apertures of the above nature might be inconvenient and preju- 
dicial, in subterraneous warfare, by affording an opportunity to 
the enemy of destroying or injuring tlie gallery, otlier means must 
generally be resorted to. 

For this purpose A ventilator must be placed, at or near the 
shaft, or entrance of the gallery, by means of which atmospheric 
air must be constantly impelled, through proper pipes, to the very 
extremity or head of the mine, as long as met! are at work there. 
This precaution being taken, a gallery may be driven to any 
required extent, without the least difficulty ; and after any explosion, 
the smoke, which makes it necessary for men to abandon the 
galleiy, for a certain time, may be drawn off much more speedily, 
by the same process. 

Various expedients may be used for throwing air into a mine, as 
for instance, any species of forcing pump, winnowing machine, 
&c. but in common cases, a pair of large forge bellows forms by 
far the simplest and best kind of ventilator that car& adopted. 
The 41R PIPES should not on any account be pliant, and there- 
fore metal pipes in joints are preferable to leathern hose, which 
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have also sometimes been used for the same purpose, and which, 
unless stiffened by hoops, placed internally at very small intervals 
apart, are constantly getting out of order* 

Before we conclude tlie subject of mimng, it is proper to 
observe, that a mine on a very small scale is usually styled 

chiefly used in the defence of intrenchments or 
field works. Their line of least resistance is usually from 4 to 6 
and not exceeding 8 feet. They are generally formed, not by 
subterraneous excavation, but by merely sinking trenches, for 
receiving the charge and train, which after these are laid, ara 
immediately filled up again.’*'' 

'^In subterraneous warfare, a fougass also implies an undercharged 
mine, used by the besieged, which without producing any external 
crater, or considerable apparent effect at the surface, is intended 
solely for the purpose of interrupting the operations of the enemy’s 
miners, by blowing in the sides of their galleries and branches, 
whilst in a state of progress. A fougass, applied to this particular 
purpose, is also called a stifler. 

A kind of fougass may be formed, for the defence of rocky 
positions, by excavating in the rock itself, in any convenient 
situation, a cylindrical cavity, with a smaller chamber at the 
bottom, about 3 or 4 feet deep, and from 1 to 1 ^ foot in diameter, 
the axis of which should be inclined, at an angle of about 45^ with 
the horizon, in the direction by which an enemy must advance. A 
charge of powder being placed at the bottom of this cavity, the 
remainder of it is filled with stones, which, on firing the powder 

* The same mode must be adopted, in constructinj^ permanent galleries, 
in soil consisting entirely of very fine loose sand, which it is impossible to 
do, by subterraneoiis excavation : and in otlier oases,* even when the latter 
method is not absolutely impracticable, the former ipay sometiines be th# 
most economical, and therefore the bqs(. 


Fougassesihre 
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by St train, in the usual manner, M'ill be thrown out with great 
violence, in the direction of the axis of the cylinder, in the same 
msMiner, and with the same effect nearly, as if they had been fired 
from a common mortar. And for this reason, the contrivance, 
which has just been described, is called A rock mortar.* 

It is to be observed, that a similar effect may take place, unde r 
certain circumstances, even in a common mine, if ^ one par- 
ticular side of the chamber of a loaded mine, for example, there 
w^ere a great quantity of stones, cither purposely placed there by 
' the miners, or naturally intermixed with the original soil, whilst on 
all otlier sides there was fine earth only ; then, in the event of 
explosion, a shower of stones w^ould be thrown out with great 
violence in one direction only, by the fall of which persons miglit 
be killed or wounded, whilst those who stood at an equal distance, 
in other directions, would be exposed to little or no injury. 

When a groat quantity of gunpowder is brought up close to an 
enemy, for the purposes of destruction, not by a subterraneous 
excavation, but by means of a vessel, in operating upon the 
water, or by means of waggons or oUier vehicles, in acting by 
land, the apparatus thus employed, is termed an infernal 
machine. 

When a quantity of pow'der is so secured, as to act either under 
water or very near the surface, iu oprder to destroy a ship, floating 


• Rock mortars have been formed in Gibraltar, Minorca, and Malta. 
In the latter island, we fired one, by way of experimeut, with a charge of 
fiOlbs. of gunpowder, which covered a great part of St. Julian’s cove, at tho 
head of which the mortar was excavated, by a shower of stones. The rock, 
being of a soft nature, was so much injured by the explosion, that two more 
rounds would probably have rendered it unserviceable. Rock mortars, 
generally sjieaking, are not to be rc' com mended ; but it is right that the 
nature of them .should be unders1or>d, for in certain cases they might 
not be altogether useless. 
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bridge, boom, &c. the apparatus employed for this purpose, 
which is stowed away in a small compass, so as not to attract 
observation, and is sent forward by surprise, if possible, is styled 

A TORPEDO. 

Having now sufficiently described the nature of subterraneous 
fortification, and of military mines in general, we shall Tetiini to 
the consideration of such upper works, as have not yet been 
explained. 


CHAP. XX. 

* 

OF OUTWORKS, ADVANCED WORKS, AND 
DETACHED AVORKS. 

1 have hitherto only described the tenail and ravelin, in addition 
to wliich, various other outworks, advanced works, and detached 
w'orks, are* used iu fortification, some of which shall now be 
explained. It is proper, however, previously, for the sake of pre- 
cision, to point out the distinction between the various kinds of 
works, which have just been enumerated. 

The term, outwork, implies any w^oik, which is constructed 
within the limits of the general covcied way and glacis of a fortress. 

An ADVANcr.D WORK implies a work, constructed beyond the 
covered way and glacis of a fortress, but cither near to the foot of 
the glacis, or at a moderate distance from it, that is to say, not 
exceeding 250 yards, or thcreahoiits. Consequently such a work 
lies under the protection of the fire of the fortress, from which it 
may derive great support, in the event of an attack. 

A DETAniKD work Signifies one, which is constructed at a 
considerable distance beyond the glacis, as for instance at the 
distance of about 800 yards, or more; so that, when attacked, it 
cannot derive any very effectual support from the fire of iho 
fortress, but must depend chiefly on its own strength and resomces. 
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Having made these necessary definitions, we shall proceed with 
our proposed subject. 

A COVEHPORT is a very small work, erected immediately before 
a gateway, in order to screen it, in any form judged the most 
convenient for that purpose. 

A couNTERGUAHD is a more extensive outwork, usually con- 
sisting of tw'O faces only, constructed in front of some other work, 
of greater importance, which it is intended to cover. 

Draw two faces, forming a salient angle, to 
represent the faces of a counterguard. 

Draw two other lines, at a small distance in 
rear, parallel and nearly equal to the former, to 
represent the reverse of your comiterguard. 

Draw’ the two extremities of your counlerguard, 
by connecting the ends of the two sets of parallel 
lines, which compose your figure. 

Your counterguard is now complete. 

A counterguard may be placed, either in front of a bastion oi of 
a ravelin. 

Draw two bastions, connected 
by a curtain, in order to repre- 
sent part of the main inclosure 
of a fortress. Draw also a rave- 
lin, in the usual manner. 

Draw three counlcrguards, 
similar to that w'hich you have 
already drawn; two of which 
you will place before your two 
bastions, the third in front of 

your ravelin : and let the faces of these counterguards be 
to tliose of the bastions and ravelin, or nearly so. 
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Beyond tlie counterguards are ditches, communicating with the 
main ditch, after which comes the covered way and glacis, as usuaK 

Complete the form of these 
ditches, by drawing the counter- 
scarp lines of your present 
figure. 

Counterguards are also sometimes called cover faces, from 
their situation and object; but the former term is the most 
common. 

Counterguards are usually made very narrow, allowing barely 
^sj^a ce enough for guns in their terreplein. Tliis is done in order 
that an enemy, after taking these works, may not have room for 
forming convenient lodgements and batteries, in the interior of 
them. 

Counlerguards are seldom placed before ravelins, except with a 
view of improving ancient fortresses whose ravelins are considered 
too small. When the ravelin is large, the addition of a counter- 
guard in front of it is not considered advisable. 

If the three counterguards, -represented in our present figure, 
were altered by producing their adjoining extremities, until tliey 
met each oilier, without leaving any intermediate ditches; they 
w'ould then constitute, what is called, a continued counterguard. 
This construction being exceedingly simple, it has not been judged 
necessary to give any figure, for the purpose of exemplifying it. 

A CONTINUED COUNTERGUARD, wheii Carried round to any 
considerable extent in front of a fortified iiiclosure, is also styled 
AN ENVELOPE, OR AN ADVANCED INCLOSURE, Without aiiy 
reference to its general form, which may either be parallel to the 
outline of the principal works immediately in rear of it, or not. 
The suburb called the Floriana, in Malta, is fortified with a double 
inclosure, in this manner. 
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Rub out your couuterguards, 
and their counterscarp^ leaving 
only the two bastions and rave- 
lin ; and draw a new counterscarp 
in front of them. 

Sometimes an outwork^ consisting of one long and one short 
face, is placed on each side of the ravelin of a front of forti- 
fication. Outworks of this kind are called tenaillons. 



From the middle of each face 
of the demibastioiis of your front 
of fortification, draw perpendicu- 
lars towards the country ; and 
produce the faces of your ravelin, 
outw^ards, until tliey meet the said 
perpendiculars. 

Rub out those parts of the 
above perpendiculars and pro- 
duced faces, which cross the 
ditches of your figure. 



The remaining lines will represent the faces of your two 
tenaillons ; one of which works covers the right face of the 
ravelin, whilst the other covers the left face of it. 


Draw the ditches of your tenail- 
lons, in the usual manner ; making 
them equal in breadth to that of 
the ravelin; which being done, 
rub out those parts of the counter- 
scarp of your present figure, that 
will become superfluous. 


/ 

/ 

\ 



Tenaillons usually have cuts formed across them to serve as 


retrenchments, in case the enemy should storm these works near 


the salient angle. 
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Draw a cut in each tenaillon, 
perpendicularly across it, or nearly 
so, terminating near the middle of 
the long face. 

Draw also the ditches of these 
cuts. 



Sometimes, instead of covering the whole of the two faces of a 
ravelin, tenaillons have been made smaller, so as to cover only 
about one half of them. 

Rub out the advanced parts of 
your two tenaillons; leaving only 
that part, of each of them, which 
is in rear of the cuts. 

Rub out also the corresponding 
parts of the counterscarp of your 
figure. 

Small tenaillons now remain, which being only about half the 
size of your former ones, are called demitenaillons or half 
tenaillons. 

Complete the imperfect parts 
of the ditches of your demitenail* 

Ions, and ravelin, in the usual 
manner. 

The demitenaillons are not considered good works in proportion 
to their expense, because they leave the ravelin too much exposed. 

In order to remedy this defect, in places fortified with deiiii* 
tenaillons, it has been usual to add a small coiiuterguard, in front 
of the salient angle of the ravelin. 




rrom the middle of each short 
fate of your demitenaillons, draw 
right lilies outwards or towards the 
country, parallel to the faces of 
your ravelin or nearly so. 
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Rub out those parts of the said 
parallels, which cross the ditches of 
the demitenaillons; and the remain- 
ing parts of them will represent 
the faces of your couiiterguard : 
the form of which is now complete, in every thing excepting its 
ditch. 

Draw the ditch of your small 
counterguard in the usual manner ; 
and rub out superfluous lines. 

A small counterguard of this description, which does not cover 
the whole of the faces, but only the salient angle, of a ravelin or 
other work, is called a bonnet. 

In your present figure, you may see clearly exemplified the 
manner in which various works may flank each other. 

The bonnet, which is the most advanced work, is flanked by the 
short faces of the two demitenaillons : 

The short faces of the demitenaillons arc flanked by the 
ravelin : 

And the ravelin itself is flanked by the bastion, as \vas before 
explained. 

The system of outworks, represented in your present figure, has 
been formerly used in some fortresses in the Netherlands ; but is 
not at present considered good. 

The largest kind of outw^orks, in use, are called hornworks, and 
crownworks, which shall next be described. 

A HORNWOBK consists of one front of fortification and two 
wings. 
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Draw four bastions^ 
joined by curtains^ to 
represent part of the main 
inclosure of a fortress. 
Draw also the counter- 
scarps of the same. 

Before the center cur- 
tain of your figure^ at some 
distance from it, draw a 
detached front of fortifica- 
tion, to represent part of 
the proposed hornvvork. 

From the two extremi- 
ties of this detached front, 
draw two right lines, ex- 
tending as far as the coun- 
terscarp. 



The last drawn lines form the wings of the hornwore, 
the outline of which is now complete, 

A hornwork may have a ravelin in front of it. It has also its 
ditches, communicating with those of the body of the place ; 
beyond which it may have its covered w^ay and glacis. 

Tliese details may easily be understood. We shall therefore 
only add a ravelin and ditches to our present hornwork. 

You will make the above 
additions to your figure, 
accordingly; and rub out 
that part of the original 
counterscarp, which will 
become superfluous, after 
the ditches of the hornwork 
are drawn. 
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Rub out your homwork^ 
and restore the body of the 
place to its original state. 



Tills being doiie^ \vc shall next proceed to draw a crown work. 
A CROWN WORK consists of two fronts of fortification and two 


win2:s. 


Before the center curtain 
of your present, figure, at 
some distance from it, draw 
two fronts of fortification. 



From the extremities of 
this detached part of your 
figure, draw two wings, 
extending as far as the 
counterscarp. 



The crowmvork may also have a ra\elin before each front of it, 
such as you drew to your honiwork ; and it has its ditches, covennJ 
way, and glacis. 


As the nature of the rave- 
lins, &c. may easily be un- 
derstood, you will draw the 
ditches of your crownwork 
only. 



The uings of the horn and crownv.oi ks, which w^e have liitheito 
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drawn, arc directed upon, and flanked by, the bastions of the body 
of the place. 

This is not however always done, the wings of tliese works being 
sometimes directed, not on the body of the place, but on ravelins 
or other outworks. 

To exemplify this last described method, rub out the wings of 
your crownwork, with their ditches. 

Draw ravelins to that part 
of your figure, which repre- 
sents a portion of the body 
of the place ; and draw also 
Uie ditches of these ravelins. 

This being done, and tlie front of your crow’lfcvork still remain- 
ing as before; draw new wings to it, in the direction of the inward 
faces of the two extreme ravelins of your figure. 

That is to say, draw the 
left wing of your crown- 
w'ork, in the direction of 
the riglit face of your left 
ravelin; and draw llie right 
wing of your crownwork, 
in the direction of the left 
face of your right ravelin : 
and complete your figure, 
by drawing the ditches of 
these new wings, in the 
usual manner. 

Hornworks and crownworks have been distinguished by different 
names, according to tlie relative direction of their wings. 
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For instance, when the two wings of these works are parallel to 
each other, they are called parallel-sided. 

The first homwork, which I drew, was therefore A parallel* 

SIDED HORNWORK. 

When the wings diverge towards the rear, so as to become 
more and more distant from each other, the farther they are pro- 
duced backwards, then the work is said to be diverging. 

For instance, the crownwork in our present figure is a 
DIVERGING CROWNWORK, as you may observe by inspecting 
the direction of the wings. 

On the contrary, when the wings converge towards the rear, so 
that if produced in that direction, they would meet in an angle, 
somewhere towards the interior of the fortress ; then the >York is 
said to be converging. 

For instance, t%^ first crownwork, which we drew, whose wings 
were directed upon the faces of two bastions, was A converging 

CROWrNWORK, 

Horn and crownworks are sometimes advanced beyond the 
glacis of a fortress. 

We shall change our present crownwork into an advanced 
CROW’NW'OBK. 

Rub out about one half 
of each wing of your crown- 
work, namely that half of 
each, which is nearest to 
the body of the place. 

Rub out also the oppo- 
site counterscarps. 
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Connect the extremities 
of the wings, after thus 
reducing them, by a right 
line ; which being done, the 
outline of your advanced 
crownwork wall be com- 
plete. 

The entrance of an advanced w^ork is usually made near the 
renter of the gorge or reverse of the work; which should , be of 
a respectable height, and reveled, in order to prevent an enepiy 
from penetrating there. The reverse of such w'orks, particularly 
when extensive, is not always laid out in one continued right line, 
as is repfesented in our present figure, but may be formed in any 
other mode judged convenient; as for example, with small flanks 
like a front of fortification. It may be crowned by a crenneled 
brick wall for iimsquetry, and may be strengthened by palisades, 
fraises, &c. if necessary ; but should not, on any account, have a 
proper cannon proof parapet, because this, if constructed in the 
reverse of any advanced w’ork, would he prejudicial to the defence 
of a fortress, by affording complete protection to the besieger's 
troops, after taking the said work, against the fire of tlie main 
inclosurc. 

Tlie communication to an advanced crowaiw^ork may be formed, 
either by extending backwards the branches of the covered way of 
its two wings, until they unite with the main covered way of the 
fortress; or by means of a traversed caponier, cut through the 
glauis of the fortress, and leading from thence to the reverse of the 
crownwork, in a manner w hich shall hereafter be explained. A 
subterraneous gallery may likewise be used, for the same purpose, 
particularly if the distance beyond the glacis is inconsiderable. 


a 




4C8 ELEMENTARY FORTIFICATION, chap. xx. 


Our present crownwork lias only one bastion and two demi- 
bastions. If a work, similar to it in other respects, were con- 
structed, but of so much greater extent, as to require two central 
bastions instead of one, then this new work would be called a 
double crownwork. 

On another part of your 
paper, draw a sketch of a 
DOUBLE CROW’^NW'ORK ; and 
let the wings of this double 
crownwork be converging, in order to exemplify the last definition, 
a second time. 

‘ ^If a work similar to the above were constructed with demibas- 
tions and wings, at its extremities, but with three central bastions 

instead of two, then it would be called a triple crownwork. 

% 

To recapitulate : there are three kinds of horn and crownworks. 

1st. Those whose wings terminate imon, and arc flanked by the 
faces of the bastions of the main iiiclosure : these are reckoned 
the w orst. 

Gdly. Those whose wings terminate in the lavelius or outworks 
situated beyond the niaiii ditch : these are reckoned better than 
the former. 

.'idly. Those which are advanced beyond the foot of the glacis. 
Tliis last kind are reckoned llic best, provided that tht'ir gorges arc 
well secured. 

Tlie icasons, which liavc been assigned for this preference, are 
as follows. 

When, according to the first supposition, the wings of the above 
works terminate upon bastions, the ditches of the said wdngs w ill 
form openings, by means of which the faces of these bastions are 
exposed to be breached, as soon as an enemy shall have eftecled 
his lodgement, and established batteries, on the crest of the glacis 
of the horn or crowTiwork. Thus the body of the place may br 
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laid open to an assault, at an early period of the siege, \i'hich must 
of course be a great disadvantage. 

On the other hand, if, according to the second supposition, the 
wings are directed upon ravelins, then the faces of these ravelins 
will of course be exposed to be breached, by means of similar 
openings, at the same period of the siege, and under the same 
circumstances, befoie alluded to. This, although disadvantageous 
to the defence, will be less so than the former case.* But if, 
according to the third supposition, a horn or crownwork is advanced 
beyond the glacis, then the possession of such a work will not 
afford to the l)esiegers, any means of breaching either tlie ravelins, 
or bastions of the main iiiclosure, they being completely covered 
by the intervening glacis, in which no openings are formed, when 
this construction is followed. 

Horn and crow nworks have generally been added to a fortress, 
for the purpose of occupying sonic important piece of grouiid, 
which either from motives of economy or from other circum- 
stances, was not included within the limits of the original plan. 
The exterior sides of these woiks were, in former times, usually 
made much sliorler than those of the body of the place ; but 
recently, it has been judged best to make them eipial, in length, to 
the latter, or nearly so. The interior of horn or crow nworks may 
be retrenched to advantage, in a variety of different ways, as may 
easily be conceived ; but having said so much upon the subject of 
retrenchments in a former chapter, it W'ould be supcifluous to give 
any new examples here. 


* In like manner, between the roiiiilcrgiiards of the bastions and ravelin 
represented in the 6lli figure of this chaplcr {See page 41f>\ openings are 
formed, whereby the faces of the ra^clin may be breached from the crest 
of the glacis. This is a much better disposition of the above counter- 
guards, than if they had been so eonsiructed, us to leave o])cnings exposing 
the faces (not of the ravelins, but) of the bastions. 
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A kind of crownwork may also be constructed witliout wings : 
that is to say, the demibastions, forming its right and left extremities, 
may be closely connected with, or attached to, the ditches of the 
body of the place, whilst the central fronts of it may be more 
advanced. 

Draw five fronts of fortification, in outline, with ravelins and 
counterscarps, to represent part of a regular fortress. 

With any convenient radius, draw an arc of a circle, between the 
salient angles of your second and fourth ravelins ; let the middle 
part of it extend outwards, beyond the proper position for the glacis 
of your figure ; and dot the said arc. 

Upon this arc, mark tw^o points, a little beyond the counterscarp 
of the above ravelins ; divide the space between these points into 
three equal parts : and connect them by right lines. 



These three right lines may represent the exterior sides of a 
polygon to be regulaily fortified : draw three fronts of fortification 
accordingly, which being done, rub out the said lines as well as 
your original arc. 
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The form of a double crownwork now remains. Connect the 
extremities of it to the counterscarp of the nearest ravelins by 
short faces : and draw the ditches of the new work, thus formed, 
ill the usual manner. 



A double crownwork without M'ings, attached to the body of the 
place near each of its extremities, in the manner represented in . 
our present figure, is called^ an attached double crown- 

WORK. 

Instead of constructing a continued crownwork, such as any of 
those which have been above described, for the purpose of forti* 
fyiiig an advanced position, it may sometimes be occupied to equal 
advantage, by a chain of detached works, not unlike a common 
crownwork in their general form, and of the same extent nearly. 

This method may be understood, by supposing three or four 
detached lunettes to be constructed, of about the same size, and at 
the same intervals apart, as regular bastions. These may be 
secured in front, by a general ditch, covered w^ay, and glacis : but 
they are not to be connected by any continued curtains. Interme- 
diute tenails, or low curtains, separated from the flanks of the 
adjoining lunettes by a ditch, may however be used. 

When three detached lunettes, connected as above described, are 
employed for the purpose of occupying any advanced spot of 
ground, the line of defence, thus formed, is called a broken 
CROWNWORK. If two luncttcs only of the above description 
are used, they will form what is called a broken hornwork ; 
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but if four are used, they will constitute A broken double 
CROWN W'OEK; and so on. 

From what has just been said, it will readily be understood, that 
broken horn or crownworks exactly resemble the detached bastions 
and tenails, of the tower bastion system of fortification ; so much 
so, that in a former figure, which was drawn to exemplify that 
system (See the second figure of page 349 ), if the tower bastions 
and curtains of the main inclosure w'ere rubbed out, the exact 
representation of a broken double crownwork would remain. 

Some authors prefer broken to continued crownworks, by reason, 
that in the lAter, the capture of one bastion generally gives the 
enemy the command of the whole work ; which effect does not 
follow when any part of a broken crownwork is taken. 

We shall next proceed to the consideration of such advanced 
works, as have not hitherto been described ; the most common of 
which are fleches and lunettes. 

A FLECiiE is a small work consisting of two faces only. 

Draw a fleche. 

The fleche is usually placed close to the foot of the glacis, in 
front of and parallel to one of the salietit angles. 

A lunette generally has five sides, namely two faces, two small 
flanks and a gorge : consequently it nearly resembles the form of a 
bastion, or of a ravelin wwth flanks. 

Draw a lunette accordingly. 


The lunette is also usually placed near the foot of the glacis, the 
capital of it being made to correspond with the produced capital 
of one of the places of arms. 





CAPONIERS OF COMMUNICATION. 


433 


In order to exemplify the 
manner, in \ihich the works, 
that have just been described, 
may be situated, you will draw 
two sets of parallel lines to 
represent part of the glacis of a regular fortress ; and connect the 
opposite angles of the figure, thus formed, by right lines, to show 
the ridges and furrows. 

This being done, draw a fleche, near the foot of the glacis, in 
front of the center salient place of arms. 

Draw also two lunettes, near 
the foot of the glacis, in front 
of each of the two other salient 
places of arms, represented in^ 
your figure. 

The communication to advanced works is sometimes formed by 
means of galleries, and sometimes by caponiers, as was before 
mentioned. 

These caponiers generally lead, in a diiect line, along the pro* 
duced capitals of the places of arms. 

Draw on a larger scale part of a glacis, with a fleche in front 
of it. 

This being done, rub out the ridge of the 
glacis, which is immediately in rear of your 
fleche ; and draw two parallel lines, in lieu 
of it, to represent the double parapet of 
your proposed caponier. 

When a caponier extends any considerable length, as is repre* 
sented in our present figure, it is usual to construct traverses, at 
certain intervals, to prevent it from being enfiladed. 

Draw therefore two rectangles, extending the whole breadth of 
your caponier, or rather more, in length, in order to represent tra« 
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verses, placing the back of the retired traverse near the crest of the 
glacis. 

We shall suppose each of these to be a 
disengaged traverse. 

Draw a square passage, accordingly, at 
each extremity of your traverses, and rub 
out superfluous lines. 

The form of A caponier of communication, extending 
across the glacis, is now complete. 

Disengaged traverses, constructed in the manner represented in 
our present figure, between any double parapet, are called tam- 
bour TRAVERSES. 

It is to be remarked, that caponiers or other open communi- 
cations, of a similar nature, are not always formed with tambour 
traverses, although this is the most common systenK Sometimes 
they may be secured against enfilade by engaged traverses, pro- 
ceeding alternately from the right and left, so that the commu- 
nication, thus protected, is of a serpentine form. 

Engaged traverses, such as have been described, which proceed 
alternately from the right and left sides of a caponier, or other 
work, are called lock traverses. 

In order to exemplify this construction, 
rub out your present caponier, and its tam- 
bour traverses ; and draw a new caponier of 
communication with lock tiaverses, in lieu 
of it.* **^ 




* Lock traverses arc seldom used in permanent works, and tlierefort 
were introduced here, chiefly for the puqiose of defining them. When 
traverses are required on a road or causeway, which it is not proper to 
block up entirely, these are the best tbat can be used. They arc also the 

best adiipted for securing, nhat is called, the double sap in a siege. 
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tt is to be remarked, that one disadvantage ultknalely attends all 
traversed caponiers. After the advanced work, to which they lead, 
is taken, they afford a ready-made communication across the glacis^ 
or, as it is styled in offensive operations, an approach, almost 
equally convenient to the besiegers. „ 

Besides fleclies, and lunettes, woiis called redans are dso some- 
times constructed, near the foot of the glacis of a fortress. 

The term bed an, when applied to an independent or advanced 
work, denotes one which has two faces and a gorge, and which con« 
sequently differs only from a fleche, in its greater 
interior capacity. The outline of AN advanced 
REDAN is as follows. 

Fleches and redans, but particularly the former, usually resemble 
fieldw'orks in their construction : whereas lunettes are generally of 
a respectable relief, and built in a permanent manner, with proper 
revetments and ditches, and sometimes even with a covered way. 
Countermines have likewise, in some cases, been formed in order 
to strengthen them, as also crenneled counterscarp galleries, to 
protect them by a reverse fire against an assault.^ With respect 
to the proper mode of securing the gorges of lunettes, the same 
remarks apply, which were before made, in speaking of advanced 
horn and crownworks. 

Sometimes, but particularly in marshy situations, a fortress may 
have an advanced ditch. 

The advanced ditch is situated beyond die foot of the glacis of 
the fortress. 



^ The advanced lunettes of St. Philip’s Castle, in Minorca, were secured 
in this manner; and communicated with the works of the fortress in rear 
of them, by galleries nit out of the rock. 
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Rub out the fleche, and the 
two lunettesi that you drew 19 
front of your former figure^ 
which represented part of the 
glacis of a fortress. 

In front of, and parallel to, 
all the lines of the foot of your 
glacis, draw a second set of lines, 
to represent the counterscarp of 
your advanced ditch, making, 
however, all the salient parts circular, according to the rule 
followed in drawing the ditches of ravelins, 8 cc. 

« An advanced ditch usually has also an advanced (jpvered 
way, aud glacis, in front of it. 

Draw an advanced 

COVERED WAY AND 
GtAcis, in front of your 
present figure. 

In making an advanced ditch, the interior side or reverse of it is 
generally formed, by continuing the slope of the glacis ; but the 
^terior side or counterscarp of it may be reveted. 

To exemplify this by proper figures, you will first draw the sec« 
tion of a common covered way and glacis ; dotting the ground line. 



This being done, produce the slope of the glacis to a sufficient 
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extent below the ground linei in order to show the proposed depth 
pf the advanced ditch. 



From thence draw a horizontal line, outwards, to show the 
breadth of the advanced ditch at bottom. 



Construct the counterscarp revetment of your advanced ditch, 
in die usual manner, beyond which you will also construct an 
advanced covered way and glacis. 



It was before stated, that the gorge of eveiy advanced work is 
usually reveled, in order to prevent an enemy from penetrating by 
the reverse of die work. These revetments have ditches in rear of 
them. 

The section of the ditch, in rear of an advanced work, is gene- 
rally made similar to the section of . the advanced ditch in our 
present figure, the reverse side of it being formed, so as to com-* 
cide with the slope of the glacis produced. Provided that this rule 
is attended to, an enemy, in attacking an advanced work by the 
rear, will not be covered any where against the guns of the for- 
tress ; for shot, fired along the slope of the glacis, will be able 
to strike him in every part of the above ditch. 
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If, on the contrary, the ditch, in rear of an advanced work, were 
not formed with a very gentle reverse slope, as above described, 
but M'ere either reveted, or constructed with a steep earthen slope, 
on that side ; then the enemy, both in attacking the work, and in 
maintaining possession of it, would be screened, in the said ditch, 
ugaiust the fire of the place. 

It is to be observed, however, that the reverse of a small work, 
such as a lunette, &c. if constructed with a ditch, steep in rear, 
yields very little cover to an enemy, in comparison with that, which 
would be afforded by a large horn or crownwork, under the same 
circumstances : and therefore, since ditches steep on both sides are 
certainly much the strongest against an asss^ult ; it may often be 
expedient to make use of them, in reverse of the former kind of 
work, although, in the latter, they might be objectionable. 

A ditch, formed w ith a very gentle slope iu rear, is called a 
liA-HA DITCH, in order to distinguish it from a common ditch, 
which is steep in rear as well as in front. The reverse of a ha-ha 
ditch, being laid out in the above described form, solely in order to 
prevent an enemy from obtaining cover; it will be obvious, that 
when a ditch of this description is partly filled with water, the gentle 
slope need not be continued much lower than the surface. Reueath 
that level, the reverse of the ditch may either be reveted, or formed 
with an earthen slope of about J | times its height. 

Detached works, constructed for the purpose of strengthening a 
fortress, may either consist of forts or redouts. 

The term fort implies a small fortress. Thus for example, iu 
polygons fortified according to the bastionary syst(jm, the square or 
pentagon would be called A fort, whilst the nonagon, decagon, 
8ic. would be styled fortresses. 

A work, nearly equal in extent to the bastionary square or penta- 
gon, if constructed according to the redan system, is called A^ 
^TAB FORT. 
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Any other inclosed work, which is 800 yards or upwards iu 
circuity so that it is either nearly equal to^ or greater^ in extent^ 
than a common hastionary square^ is also styled a fort, notwith« 
standing that the outline of it may be very irregular* 

When fortified in a temporary manner, such a work would be 
called a field fort. 

A redout signifies an inclosed work, usually of small extent, that 
is to say, scarcely ever exceeding 300, or, at the utmost, 400 yards, 
in circuit : and having no regular flanks, but presenting a ditch and 
parapet iu every direction. 

It will readily be understood, that a redout, as above defined, 
is much too small a work to be capable of being applied* to any 
general purpose of defence, singly or independently. And there- 
fore, when any piece of ground is to be fortified by redouts, they 
must be distributed along the whole extent of it, at such distances 
apart, as to be able to support each other, by their mutual fire, 
like the adjoining bastions of a fortress. This constitutes, what is 
called, A CHAIN of redouts ; and the same term is also applied 
to a number of detached works, of any other description, if dis- 
tributed ill a similar manner. 

Redouts may either be quadrilateral, pentagonal, or in the form 
of any other small polygon, regular or irregular, that is judged con- 
venient. 

Draw some redouts of various forms, in order to exemplify the 
foregoing definitions. 

o □ o o 

Redouts may also be cuiTed, in a part or in the whole of 
>^heir outline; the principal object being to suit tliem to the 
nature of the ground, when that is irregular ; and in this case, not 
only their form, but also their intervals, may vary according lu 
circumstances. 
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on the contrary, a piece of ground is quite regular, then the 
redouts, constructed for the purpose of fortifying it, may all be 
made of the same uniform figufe, ^nd placed at equal intervals 
apart. 

Sometimes a double chain of redouts is used, in which 
case, they are almost always chequered, that is to say, the ledouts 
of the second line are placed opposite to the intervals between 
tiiose of the first line. 

To exemplify this disposition, you will draw a double chain of 
quadrilateral redouts, consisting of seven in all, three of which 
you will place in the advanced line, and the reiuuining four in the 
retired line; and let the latter be so disposed, as to flank the 
salient angles or faces of the former, in the manner represented 
by the dotted lines in the annexed figure.’*^ 



It is to be remarked, that when a double chain of redouts is 
used, the reverse parapets of the advanced line of redouts should 
only be musquet proof. 

The quadrilateral form, represented in our present figure, is 
often applied to redouts, constructed in regular ground, but that of 
lunettes or flat bastions is also no less common, and may be con- 
sidered better than the former. 

It is desirable, in forming a chain of redouts, that they should not 
be placed at intervals of more than from 400 to 600 yards apart ; 
the former distance being preferable. In a chain of forts, which 


A doable chain of advanced liitieltes, in front of a glacis, has also been 
recommetided by some authors, the exterior line of lunettes being supposed 
to be placed in the allinemenf of the produced^CBjiitals of the ravelins, the 
others before the bastions, of the fortress. 
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require each a regular siege, the intervals, not measured from cen« 
ter to center, but between the foot of the glacis of any two 
adjoining forts, may without inconvenience be 1500 yards or 
even more. 

Redouts are in very common use in field fortiiicatioD. When 
applied to permanent purposes, ^ey should be reveted and have a 
respectable relief. 

Permanent redouts are also styled casemated redouts, 
bombproof cover being so indispensably necessary in these works, 
that they are never constructed, without casemating some part of 
them. They sometimes, also, have a covered way, crenneled gal- 
leries, countermines, &c. and a portion of them is frequently 
retrenched to serve as a keep.’*^ The faces of permanent redouts 
should be large enough, to admit of a respectable number of 
heavy guns being placed in battery, otherwise such works will be 
of little use : f and the same remark holds equally good, in respect 
to the lunettes, which were before described. 


* A loopholcd tower has been recommended for that purpose, not only 
in detached works, but also in advanced works, and in this latter ease it 
must ouly be muscpiet proof, on the reverse side of it.' 

t As a specimen of the nature of a casemated redout, which has actually 
been executed, a description of Fort Tiguc in the island of Malta is added, 
to the best of my recollection, fur 1 have no accurate plan or measure- 
ments of it. 

This work is of a quadrilateral figure, the length of the sides not exceed- 
ing 85 yards. Tha scarp is about 30 feet high, and casemated, with loop- 
holes, for firing into the ditch. The parapets are of tlie soft free stone 
peculiar to Malta, and are pierced witli embrasures for cannon, at rather 

« ore than the usual intervals apart, covered over at top, interiorly, with 
rge [stones, and having intermediate banquettes formed with steps of 
masonry. In tlic direction of the capital of the work, which presents a 
salient angle towards the country, tliere is a casemated barrack, equal in 
height to the tcrrepleins, with which it communicates, and having loopholes 
for musqiietry on each side of it. Immediately in rem* of this, that is ta 
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A chain of redouts or other detached works may be connected 
by a continued covered way, which in this case is not supposed to 
be always kept completely manned, so as to resist an attack by 
nuun force, like that of a regular fortress ; and therefore is neither 
^ reveted in front, nor palisaded, being merely intended to afford a 
secure communication, between the various detached works, so 
long as the enemy is employed in erecting his batteries, or in 
other distant operations, preparatory to an actual assault. 

A chain of detached forts, redouts, &c. is peculiarly well calcu- 
lated for the purpose of keeping an enemy at such a distance 
from a fortified dockyard, or great arsenal, as to render it imprac- 
ticable for him to destroy the public buildings and stores, by bom- 
bardment ; an object, which otherwise might be carried into effect, 
in a very short lime after an unexpected disembarkation, even in 
the face of the strongest fortress. For it may easily be understood, 
that although the reduction of the various works of a well cou- 


aay, in the reverse angle of the redout, there is a round lower, serving as a 
keep, which is about 35 feet high, and 60 feet in diameter. 11 is built with 
two stories, and has two tiers of loopholes, pierced in its exterior walls, 
which are about 4 feet 6 inches thick. It has a terrace*, and stone parapet 
at top, to which there is a communication by means of winding staircases. 
The etitraiice to the lower is by a drawbiidge. A palisaded caponier, iii 
rear of it, leads at a short distance to the harbour of Marsaniiiscet, he\oiid 
which this redout is situated, as an advanced work to tlie famous f<»i tress of 
Valctta. It has a good ditch and reveled coniilcrscarp, and counlei mines, 
proceeding from a counterscarp gallery, three portions of which, namely 
those which are near the advanced angles of the redout, pnyecl backwards 
into the ditch, being made more spacious than the rest of it, and are con- 
structed with looplioies, to jiroducc a reverse and flunking fire of miiscpietry, 
as also with airholes, at certain intervals, to cany oil the smoke in tiring. 
'J’hcse galleries, as well as the counlenniiies, aie connected with tkv. 
interior of the redout, by commuiiicalion galleries, sunk beneath the level 
of the ditch. There is a khid of covered way, not continued all round in 
the usual manner, but in three portious only, which arc over the priiicijail 
ercnnelcd galleries of tlie counterscarp; beyond whiih follows the glacis. 
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fltructed and well defended fortress, by a regular siege, is an 
enterprise of great labour, hazard, and difficulty, and not to be 
accomplished under a certain number of weeks, or even months ; 
yet, if there are no detached works to cover it, the mere process 
of firing u vast number of shells, red hot shot, and rockets, into 
the interior of it, which must necessarily destroy eveiy thing com- 
bustible that they meet with, may be performed in a few days, and 
with little or no risk on the part of the assailants. An enemy, 
who may not have the means of regularly besieging a fortified naval 
arsenal, nor tlie power of maintaining permanent possession of it, 
should it from any circumstances fall into his hands, may therefore 
often be tempted to embrace an opportunity of suddenly destroying 
such ail establishment, by bombardment, when he knows that it is 
destitute of an exterior chain of defensive works. 


CHAP. XXL 

OF TITE MODE OF DEFILADING COMMANDED WORKS.— 
THE NATURE AND USE OF MOq^LLlNG PLANS EX- 
PLAINED. 

In choosing a situation for a fortress, it is always desirable, that 
no part of the ground, which is to be occupied thereby, should be 
commanded by any higher ground, within the distance of about 
1000 yards from the proposed works. This, however, is not 
always practicable; for cities, harbours, passes, &c. may be of 
such great importance, in a general view^, to the defence of a stale, 
as to render it absolutely necessary, that they should be fortified, 
although commanded^ on one or more sides, by exterior heights. 

Those w^orks of a fortress, which have higher ground in front of 
them, are not liable to be much more injured by a direct fire of 
cannon, than if they w'ere not so commanded : but from the 
angular form which is given to all the outlines, in modern fortifier* 
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|don, if the commandiog exterior heights are of any considerable 
extent, it will be obviouS| that some part pf the faces of the various 
works cannot fail to be exposed to an enfilading or reverse fire of 
artillery from thence ; and when such is the case, a commanded 
work labours under a very great disadvantage. 

To exemplify this by a figure, draw a horizontal line, A B, 
upon which, as* a ground line, construct the sections of the two 
opposite faces of a reveted quadrilateral redout, and on one side 
only, namely that which is towards the right of your ground line, 
construct a ditch, covered way, and glacis, also in section, in the 
usual manner. 

Let the tw'o faces of the redout, which are seen in section, be of 
the same profile and relief : mark the crest of the parapet of the 
right face by the numeral figure, 1, and that of the left face by the 
numeral figure, C. Connect these points by a right line : connect 
also, in like manner, those two points in each section, which repre- 
sent the foot of the interior slope of the parapet ; and dot the 
superfluous parts of your original ground line. 

This being done, yoiy figure will show, not only the sections of 
two opposite faces or sides of the redout, but also the elevation of 
one of the other adjoining sides of it, of which the line, compre- 
hended between the points, 1 and 2, represents the extent of the 
interior crest of the parapet. 

Let us suppose, tliat the w^ork, which w^e have just djawn, is 
Htuated the foot of a commanding height. In order to exem- 
plify this circumstance, from the point, B, beyond die foot of your 
glacis, draw' a line, B C, to represent the section of the height, 
in outline ; and from the highest point, C, drop a vertical liii ' 
C D, meeting the horizontal line, A B, produced, in order to show 
|he superiority, or difference of level, of the commanding ground.. 

This being done, from the poiotj^ C, draw a right line, C 1, and 
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produce it, until it meets the level of the terreplein of the redout in 
the point, s. 

The dotted lineSf C 2, s 4, 1 3, and % 4, have hem added to 
the figure^ although not specified in the foregoing directionsj for 
a reason which shall hereafter be explained. 


C 



JBy inspecting die figure, it will now appear, that a shot fired 
from a gun, placed in battery ^on the commanding height at C, 
with a full charge of powder, and with just sufficient elevation to 
clear the nearest point, 1, of the crest of the parapet of the redout, 
will plunge into the terreplein of the enfiladed face, 1 2, which is 
seen in elevation, somewhere near the point, s. 

Consequently, as troops posted on the terreplein of the face of 
any work, so enfiladed, could derive no protection whatever from 
the parapets, excepting in a certain portion of the extent only ; it 
follows, that they would neither be able to line the banquettes, nor 
to stand to their guns, but must, in a short time, abandon the 
exposed parts of these enfiladed faces, entirely, in order to shelter 
themselves from the destructive effects of the enemy’s artillery. 

The rear face of the redout, represented in our present figure, 
the crest of the parapet of which is marked by the figure 2, is still 
more exposed ; there being no part whatever of the terreplein of 
it, which is not completely seen into, in reverse, from the artillery, 
supposed to be placed on the commanding height, C. 

In short, in no face whatever of the redout, are the men posted 
on the terreplein properly protected, excepting in the advanced 
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face of it; (he crest of the parapet of Mrhich is denoted by the 
figure; 1 ; and the superior security; which this face therefore 
possesses; in comparison with other parts of the redout; proceeds 
entirely from the circumstance; of its being exposed to a direct 
fire; only. 

When the face of any work can be completely plunged into by 
an enfilading fire from a commanding height; like the face; 1 Q, 
in our present figure; it wilt be evident; that nothing but the con-* 
strucfion of a certain number of high traverses; at proper intervals, 
can give a due security to the men posted upon the terreplein of 
the said face. 

But when it is entirely seen into, in reverse, like the rear fjice of 
our redout; then traverses will be ineffectual, and the only mode 
of securiiig[tlie men posted tliere, will be to cover them by a second 
parapet; of proper height and thickness, constructed upon the 
rear of the terreplein ; so that in working their guns, they will be 
posted between two parapets, as in a caponier. 

A parapet; constructed in rear of any work, for the special 
purpose, which has just been stated, of covering men against a 
reverse fire, is called a back sckben or parados. 

• 

It is next to be observed, that a work, equal to our present 
tedout in extent, and placed at an equal distance, from a height 
equally commanding, may not always be liable to be plunged into, 
in the same veiy disadvantageous manner. 

To exemplify this remark by a new figure, draw a right line, 
E F G, to represent the side of a range of high ground, rising 
gradually in a regular inclined plane, and let the latter point, G, 
have the same command, G H, and at the same distance, over, 
£ U; the level of the point, £, which the commanding point, C, 
had over, A, in your former figure. 

This being done, on the space, £ F, construct the section of a 
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work, nearly similar fo that,\ihich was constructed on the space, A B, 
in your former figure ; giving to the revetments, parapets, &c. the 
same thickness, and to the terrepleins and interior area, as well as to 
the ditch, covered way, and glacis, the same breadth : give to every 
part of your new work also the same vertical relief above, or the 
same vertical depth below, the line, £ F, w hich the corresponding 
parts of your former work had in respect to the line, A B. la 
short, the only difference in the profiles of your two redouts will 
be, that the profile of the first was constructed according to a 
horizontal ground line, whilst that of the second is laid out 
according to an oblique ground line. 

You will next dot those parts of the line, E F, which will 
become superfluous, after your redout is drawn. Mark the crest 
of the parapet of the advanced face, by the numeral figure, 5 , 
and that of the retired face, by the numeral figure, 6 ; and from the 
rommaiiding point, G, draw a line, G 5, which you will produce 
to the point, s. 


G 



It will no^v be e\ideiit, from inspecting your present figure, that 
a shot fired from a gun, placed in battery on the commanding 
height at, G, with a full charge of powder, and with just sufficient 
elevation to clear the nearest point, 5, of the parapets of the 
redout, will not be able to plunge into any part of the terrepleins 
vJiatever, either by an enfilading or reverse fire, but will go clear 
over the whole work in the direction, s. Consequently, in our 
present redout, men will be properly covered by the parapets, 
throughout every part of it. 
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When the reliefs of any face of a work, such as, .5 6, of our 
present figure, are so regulated, that, although commanded, it 
cannot be seen into, it is called a defiladed face ; and the right line, 
5 6, which marks the crest of the parapet of it, is called a defi- 
laded LINE. 

The right line, G 5 s, drawn from the commanding height, 
through the highest point of the nearest part of the commanded 
work, is called the line of defilade; because eveiy other 
more distant part of die work, which is beneath diat level, will be 
defiladed, or covered against a plunging fire : whereas, if any 
of the other parts were above diat level, they would be seen into. 

By comparing attentively the two figures, which you have last 
drawn, it \vill appear evident, that the great advantage, which our 
present redout has in not being plunged into, like the former, arises 
entirely from the circumstance, of its profiles being constructed, not 
according to a horizontal ground line but an oblique one. 

The ground line of a section, being the most useful line in 
determining the various reliefs of any proposed w'orks, is also 
styled the regulating line. 

In the former chapters of this book, we have invariably supposed 
the surface of the ground, on which any work was situated, to be 
an uniform horizontal plane, so that the natural level of the ground 
formed also the most convenient regulating line, for the purposes of 
construction. 

It will, however, be readily understood, that if the ground, on 
which any work was about to be built, although generally 
speaking nearly horizontal, were found to have various inequalities, 
rising in some parts and falling in^ others, above the mean level ; 
then the .outline of the natural surface, being of a curved irregular 
form, would be entirely unsuitable for the begulating line 
OF A SECTION. It would consequently be necessary to assume 
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the mean level of the ground, instead of its actual outline, for the 
purpose in view. 

In like manner, when the ground, upon which any proposed 
work is to be built, slopes according to an inclined plane of uni* 
form rise; it may often be convenient to use the natural 
GROUND LINE, as thc regulating line of a section, according to 
the system followed in drawing our last figure: but w'hen the 
surface is not only oblique to the horizon, in its general direction, 
but is also broken and irregular in its outline ; then a corrected 
GROUND LINE luust necessarily be used in lieu of it. 

And even when the surface is perfectly regular, the same expe- 
dient may often be necessary, as was proved by the first redout 
that we drew, in which a great part of the interior of the work is 
completely plunged into. 

This was entirely occasioned by using the natural horizontal 
surface, for the regulating line of the profiles of that redout; 
instead of assuming a corrected ground line in an oblique direction, 
in lieu of it, for the same purpose; which, if it had been done 
judiciously, might have given the various faces a proper defilade, 
like those of our last figure. 

It is to be observed, that in choosing a corrected ground line, it 
is always desirable, that it should vary as little from the mean level 
or outline of the natural surface, as circumstances will permit. 

But before a corrected ground line, or regulating line, can conve- 
niently be chosen, for the purpose of planning the reliefs of a 
commanded work, a defiladed line must first be found, passing at 
a certain height above the surface, in order to determine the con)- 
parative levels of the various parapets, in such a manner, that no 
part of the terrepleins shall be plunged into. This being done, the 
regulating line must be drawn parallel to the above line of defilade, 
at any convenient distance below it, taking care, however, to adhere 

VOL. II. 
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to the rule, which was just before staled, in respect to its general 
level or outlhie. 

To exemplify this remark, by referring once more to our first 
section, {see the JIgure in page 445) it will be evident, that the 
dotted lines, 3 C, and 1 4, arc both defiladed lines. Consequently 
if the crest of the parapet, 1, were raised to the level, 3, those 
faces of the redout, which are at present exposed both to an 
enfilading and reverse fire, would no longer be seen into. If such^ 
therefore, were reckoned a proper height, then a regulating line 
might be chosen at any convenient distance below it, as for 
example at the distance of 20 feet, measured vertically; which 
being accordingly drawn parallel to 3 C, at the above interval, the 
relief of the glacis, and the depth of the ditches, might be deter- 
mined thereby, in the usual manner. 

Again, if instead of raising the advanced parapet, 1 , the retired 
parapet, 2, were lowered to the level of the point, 3, then tlie same 
effect of defilading the various faces would be obtained, and a 
regulating line might also be found, in a similar manner. 

If on the other hand it were judged better to adopt a medium 
height instead of either of the lines, S 2, or 14; then the advanced 
parapet, 1, might be raised half way up to the point, 3, and the 
retired parapet, 2, might be lowered half way down to the point, 
4. This also would defilade the faces of the redout, and by using 
this method, the works would be neither too elevated nor too 
much depressed, so that a regulating line, more nearly agr^ing 
with the medium level of the original ground, would thereby be 
obtained. 

It may appear almost superfluous to explain, that a line in a 
section may often represent a plane. Thus for example, in regu- 
lar fortification on level ground, tlie common ground line represents 
the horizontal plane, which is formed by the natural surface. And, 
ia like manner, m lien the surface is irregular, the corrected ground 
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line, or regulating line of a section^ represents what is called the 
regulating ground plane of the work. 

Consequent!}, in speaking of the actual construction of a redout, 
bastion, or other work, the terms, plane of defilade, defi- 
laded PLANE, regulating GROUND PLANE, or as it some- 
times is simply called regulating plane, are more commonly 
used than the corresponding terms, line of defilade,’’ ^ defiladed 
line,” and regulating line,” which apply more peculiarly to the 
section only. 

When a fortress is constructed opposite to a range of command-' 
ing heights, extending in the same uniform direction, or nearly so, 
according to a right line, the faces may easily be defiladed, in the 
manner w'hich has been described ; but when it is surrounded by 
heights on more sides than one, tiien the object of defilading the 
various works becomes a subject of much intricacy, which is often 
not to be accomplished by any disposition of the general reliefs 
whatever; so that traverses and parados must necessarily be 
resorted to. 



For example, if we suppose die three bastions, &c. shown in die 
annexed figure, to represent part of a regular fortress, commanded 
by one height only, extending in a right line, upon which are two 
enfilading batteries, A and B, it will be evident, that the face, e d, 
may be defiladed, so as not to be plunged into from the height, B, 

6 G 2 
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by making the exti'eniity, d, some feet lower than e : and the face, 
e f, may be defiladed so as not to be plunged into from the battery 
at A, by making the extremity, f, also some feet lower than e ; 
and in like manner, any other w^orks whatever on the low ground, 
may be defiladed from any otlier points whatever of the above range 
of heights : and if the ground at C, were lower than the situation 
of the fortress, no inconvenience whatever would arise from thus 
regulating the reliefs of the two faces, d e, and, e f. 

But if we suppose the ground at C, also to have a considerable 
command, then the point, f, by being reduced in height, for the 
purpose of defilading the face, e f, from the enfilading fire of A, 
will lead to the very serious disadvantage of exposing the left face 
and left flank of the bastion to be plunged into, by a reverse fire, 
from the batter}^, C : for unless the point, f, is high, it must be 
evident that the point, d, cannot possibly be covered in rear. 
Hence is proved, what I before asserted, that a proper defilade, 
against commanding heights, bearing upon a work in contrary 
directions, is impracticable ; for the defilading of any part of the 
work against the one height, will only cause it to be so much the 
more seen into, from the other. 

It is to be remarked, that when a cavalier bastion is commanded 
in this peculiarly disadvantageous manner, the faces and flanks of 
the cavalier may effectually serve as parados, to screen the cor- 
responding parts of its inclosing bastion, against the reverse fire of 
the commanding heights. 

As for the cavalier itself, by reason of its smaller interior space, 
a high substantial traverse, constructed nearly in the direction of its 
capital, may answer the same purpose. 

This kind of traverse, whic^ is very commonly used in small 
works, is called A capital traverse. 

Each of Vaubau’s tower bastions, for example, had a traveije of 
this description. 
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It was before explained, that when a fortress is situated on a 
horizontal plain, the same general profile applies to all the corre- 
sponding parts, and the ground lines or regulating lines of every 
section, that can be taken, are all exactly on the same level, so 
that two or three very simple sections will suffice to give a just 
notion of the whole of the reliefs of the various works. But when 
a fortress is situated On irregular ground, and is moreover com- 
manded trt) one or more sides, so as to require the works to be de- 
filaded, it must be evident, that there can be no general profile, for 
the reliefs of one front may be very different from those of another ; 
and the regulating lines, according to which the various works are 
constructed, may also have been laid out according to very diQerent 
levels and planes. 

It was stated, in treating of the principles of plan drawing, that 
the nature of any work cannot be understood from a plan alone, 
without sections : but when ground is so very iiregular, as has just 
been supposed, a multiplicity of sections, not reduced to any coni- 
fiion level, might tend rather to confuse, than to give clear notions of 
the nature of it. A kind of plan has therefore been devised, which 
is capable of showing, not merely the form of the ground, as it 
usually appears in common plans, but also die reliefs of the vari- 
ous parts. This is done by taking a great number of levels, at divers 
points of the ground, so as to determine the height of these points 
abov^ some general or master level, assumed for the purpose, 
which ought to be lower than any point actually included within 
(he limits of the proposed plan. Thus, for example, if the ground 
Co be fortified is near to the sea or to any harbour ; the ordinary 
low water mark at spring tides may coiiveuienlly be chosen, as the 
master level for die plan in question. Then let the height of a 
sufficient number of points, above that level, be acciiialely found, 
by a proper instrument, and marked on the plan, in feet and inches, 
s^s to dot over the surface of it with numbers, like the soimdings 
in a naval chart, and the object in view will be attained. 
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A plan marked \irith levels^ in tlie manner which has just been 
described, is called A modelling plan,* because by reason of 
its peculiar property, before mentioned, of shewing reliefs, which 
a common plan does not possess, it may serve as a substitute for a 
model : and indeed it is impossible to model any tract of ground 
properly, without previously taking an accurate plan of this de- 
scription ; the nature of which may be belter understood from the 
annexed sketch. The dotted lines are supposed to represent tho 
position of part of a proposed work of fortification. 



To explain the use of a modelling plan, as applied to the pur- 


* Modcliin^^ plans hnvc lofig^ boon in common use amongst the I’rcneh 
engineers, hut instead of choosing thf'ir master level below the surface of 
tl*c groimd to be fortified, they generally select some point above it, for 
that purpose* I'his appears to mo a very injudicious niethod, because in 
a plan, so constructed, the lowest ground is invariably marked with the 
highest number of feet, which must tend to eonfiision, and, in calculation, 
may often lead to error. The method given in the text, occurred to me, 
when directed to draw up a project for fortifying some irregular ground in 
Malta ; before I bad seen a inodelifhg plan, or knew that sueh an expedient 
bad ever before been adopted. One Freneh author (I\Jr. ISoiismard) agrees 
in recommending, that a low master level should be assumed, contrary ta 
the usual practice of his countfi rnvn. 
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poses of fortification, let us i^uppose, that the spot cliosen for the 
salient angle of a bastion of any proposed work, is marked by the 
number ^0. This will denote that the corresponding point on the 
ground is £0 feet above the level of low water : and if within the 
distance of 800 yards measured by scale, there is no greater num-^ 
ber than £0 to be found any where on the plan, it proves that the 
said bastion will not be commanded within that distance. If on 
the contrary, there should be any high number, such as 40, marked 
at 800 yards, then it proves, that at that distance there is a height, 
which has a command of 20 feet, oyer the spot on which it is pro- 
posed to place the salient angle of the bastion ; the parapet of 
which must therefore be raised 20 feet higher than the natural 
ground, in order to put it on the same level with the commanding 
height.* 

AVhen the outline and reliefs of any proposed fortress are under 
consideration, the modelling plan, previously drawn, should include 
not only the ground which will be covered by die intended works, 
but also the surrounding country, to the distance of about 1000 
yards all round ; which being done, the proper height and defilade 
of any part of the intended works may be determined from such a 


* In drawing a sketch of the position of an army, which ought also to show 
the ground in front w'ithiii cannon shot; as the relative commands of the 
various hciglits are of great importance, it is usual to mark them by the 
nnmbeis 1, 3, &.c. which, in this case, do not denote any precise dimen- 

sion, but merely serve as a scale of comparison to enable tlie general, for 
whose use the sketeh is made, to judge of the riatiirc of the ground. Tims, 
for example, if the least number maiked on the plan is 1, and the greater 
10, it shows that the former is the lowest and the latter the most command'^ 
ing part of the ground : .and of the iiitennediatc numbers, 5 denotes a 
height less elevated than 6, but higher than 3. In short, the principle of 
the military sketch and that of the niodolliiig plan are precisely the same ; 
but with this diflereiu'e, that the ff»rmer is a hast^ performance, done ac- 
cording to the best of the judgment of the ollicer employed, without taking 
^t^levcls by an iiistnjuiciit, whereas the latter is strictly accurate in il<!i 
minutest details. 
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plan almost by inspection. This might perhaps have been inferred, 
by reflecting upon what has already been s^id, without any further 
explanation. 

1 shall however for the sake of clearness add another example. 

Let us suppose tljat it is proposed to make the safieut angle of a 
bastion 24 feet high, above the natural level of the ground upon 
which it is to stand : and that, by a reference to the modelling 
plan, it appears tliat at die distance of 7^X) yards, there is a range 
of heights 28 feet higher, than the above part of the work will be, 
when complete. This gives a command, over the point of the 
bastion, in the proportion of exactly 4 feet in 100 yards. If 
therefore we suppose one of the faces of our bastion to be 100 
yards long, and directed upon the above heights, it is evident, that 
it will be necessaiyr to give the said face a dip or fall of four feet in 
its total length, in order to defilade it from the commanding ground. 
And consequently, if the ground, upon which the bastion is to be 
built, is nearly horizontal, the height of the bastion at the angle of 
the shoulder must be 20 feet above the natural ground. 

1 shall here lemark, that the nature of the command, vihich one 
work or height may possess over another, cannot be explained with 
any precision, unless by reducing it to a certain proportion ; for 
this proportion not only determines at once the proper defilade, 
but is also, in distances not much exceeding GOO or 700 yards, 
nearly an exact critenon of the disadvantage incurred by the com- 
manded work, from cannon shot fired at full charges. At the 
same time in describing a command, the actual distance should never 
be omitted,’*^' because in distant firing, in proportion as the effect 


* Some authors have designated the nature of a iiommaml by the dif< 
ference of level merely, ivilhoiit any referenro to distiiiire., calling 9 feet a 
single c(»mmand, 18 feet a double eoininand, This is, however, a very 
inaccurate and indeed absurd inode of speaking, for it must be evident, 
that a double command, as they style it, at the, dislanoe 4>f 50 yards, win 
more prrjiulivial to a work than a quadruple cuuimuud at 400. 
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oF artillery is rendered uncertain by the greater length of rangey the 
circumstance of a work^s being commanded becomes of less im** 
portance, or may even be entirely disregarded. 

It is to be observed^ that shells from a mortar, being fired at a 
considerable elevation, always bury themselves in falling ; whereas 
howitzer shells and cannon shot, being seldom or never fired with 
any great elevation, rise again, with repeated bounds, after they 
first meet the surface of tlie ground. But when full charges of 
powder are used, in firing, from a moderate distance, at any bas- 
tion, redoubt, 8lc. which is properly defiladed, the cannon balls, 
if they do not lodge themselves in the parapet, are impelled with so 
much velocity, that they fly entirely over the work ; nor will they 
strike the ground until at a very considerable distance further, their 
original palli being nearly in a right line. If, however, small 
charges only are used, the initial velocity of the shot being thereby 
much diminished, their ranges will be shortened in proportion: 
and they w ill describe a considerable curve in their flight, imme- 
diately after leaving Hhe piece : and consequently, by this method 
of firing, provided that a proper elevation is given to the gun, a 
cannon ball may be pitched, over the flanking parapet, into tbe 
terrepleiii, even of a well defiladed face, wdiere, by its successive 
bounds, it may do much injury. 

The mode of firing, wdiich has just been described, is called 
nicocHET FIRING, and may be practised to advantage, both from 
guns and howitzers, whenever they can be placed in such a position 
as to eiifilade^any long face of a w'ork. In direct firing, on the 
contrary, this method is not to be recommended, for the diminution 
of the charge produces a corresponding diminution in the eflfect of 
the shot. 

It was proper to make the above explanation, in order that it 
might be fully understood, that the defilading of any face of a work, 
^ij^though of importance, inasmuch as it prevents it from being 
seen iuto, from a commanding height, dots not entirely secure it, 
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against being plunged into by enfilading ricochet batteries ; aud 
therefore, in previously stating the advantages, derived from a 
proper defilade, as far as cannon shot ^vere concerned, 1 took care 
always to specify, that full charges were supposed to be used. 

To conclude this part of our subject, it must appear sufficiently 
obvious, from what has just been stated, that nothing but frequent 
traverses, one, for example, between every two or three guns at the 
utmost, can give any proper security to the faces, even of a well- 
defiladed work, against enfilading ricochet batteries. 


CHAP. XXII. 

OF IRREGULAR FORTIFICATION, CITADELS, 

AND COUNTERl'RENCHMEN’l'S. 

It is a fundamental rule in fortification, to endeavour to make a 
place equally strong on all sides ; for it must be evident, that it 
would be of very little use to have three fourths of tlie circuit of a 
/ortress absolutely impregnable, if the remainder of it were weak 
and defenceless. 

In teaching the principles of fortification, it is always usual to 
suppose, in the first instance, that the ground to be fortified is 
rituated in the midst of an extensive level plain, uniform on every 
nde, and not commanded by any heights within cannon shot. 

Under this supposition, a regular polygon will, of course, be 
the best figure that can be adopted for the outline of a work, 
because it will be exactly alike, and therefore equally strong on all 
aides ; aiKi the exterior ground being likewise uniform all round, 
in every direction, an enemy can derive no advantage, in attacking 
from any one point in preference to others. 

But although such a supposition is always assumed, as ^as 
before observed, in explaining the rules of fortification, this is 
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done, merely with a view to simplify the subject, and thereby to 
facilitate the progress of the learner : for in real practice it seldom 
or never happens, that ground can be chosen for the situation of 
a fortified place, so uniform in its nature, as to admit of the out- 
line of the fortress being made perfectly regvUar. 

Fortresses, for example, are often built upon the ^ea coast or 
on the banks of great rivers, the form of which must be followed; 
and the situation which is to be fortified, as w'eli as its environs, 
may consist partly of low ground, and partly of heiglits, of an 
irregular form, with intersecting vallies. On one or more sides, 
also, it may be bounded by lakes, marshes, or rocky precipices. 

Under these circumstances, it would obviously be improper to 
give to the outline of the proposed fortress the form of a regular 
polygon. Such an arrangeutent would lead to insuperable difii- 
culties and disadvantage's. It might, for instance, throw the 
ramparts dowm into the bottom of deep vallies, when they would 
be exposed to the plunging fire of a besieging army, from com- 
manding heights, without the pow'cr of returning it with any 
effect. 

The nature of the ground must therefore be carefully studied, 
ai^d the strongest points chosen, for the general outline of the 
proposed fortress, which, when the ground is irregular, will con- 
sequently become an irregular polygon, instead of a regular one : 
and when the situation has the further disadvantage of being com- 
mauded by exterior heights, on one or more sides ; then not only 
the outline, but also the profiles or reliefs, of the proposed works, 
must be made irregular, for tlie reasons stated in the preceding 
cliapter, in which one great source of irregularity in fortification 
w'as discussed. 

^fter choosing the most advantageous points for the outline of 
aifortress, it will often happen, that some parts of it arc by nature 
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excessively strong, so as to require scarcely any artificial means to 
defend them ; vrhilst some other parts may be much weaker, than 
the average nature of the ground in general. 

In those parts, which are strong and inaccessible by nature, it 
may be sufficient to erect a simple parapet, with batteries on 
advantageous situations. Such, for instance, is a pait of the land 
front of Gibraltar, which presents a rocky precipice, several 
hundred feet in height, not to be surmounted by an enemy. 

In other parts, where the soil is marshy, inundations may be 
formed, and wet ditches or other water defences may be applied, 
with so much effect, as to render the expense of masonry super- 
fluous. In other parts revetments may be absolutely necessary. 

In some parts, the ground may be so very unsuitable for the 
construction of bastions and curtains, that redans, of an irregular 
form, must be used for the outline of the fortress : and it is to be 
remarked, that this circumstance will often be found to occur, in 
those parts of the inclosure, which arc the strongest by nature. 

In other parts, a simple bastionary outline, without ravelins, 
may suffice ; whilst in other parts, ravelins or other outworks may 
be necessary. 

In other parts again, by reason of the peculiar weakness of the 
groimd, advanced or detached works may also be necessary, in 
order to create additional obstacles to an enemy’s progress, and 
thereby put this defective portion of ilie inclosure, upon a par, in 
point of strength, with the remainder of it. 

When ground is very irregular, a chain of detached forts, or 
casemat^d redouts, the nature of which was explained in a former 
chapter, may also be sometimes used witii advantage, in lieu of 
a continued inclosure. 

In short, a thousand varieties may occur in practice, for which it 
is difficult to lay down any precise rules beforehand : and tlierefore 
a very wide scope is left for the exertion of talent and judgement, 
on the part of an engineer, who is called upon to give in a project 
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of permanent fortification, of any extent or importance: for so 
seldom can uniformity of ground be expected, that it scarcely ever 
bappens, that more than three or four fronts of any fortress, Avhich 
lias actually been constructed, are to be found exactly alike. 

It ought to be remarked, that the term ihregular forti- 
fication,” signifies merely the application of the art of fortifi- 
cation to irregular ground ; \rhich occasions an inequality in tlie 
dimensions of the corresponding parts of a fortress so constructed. 
It docs not therefore imply any defect, either in the plan or execu- 
tion of the various works. Consequently a place is said to 
BE REGULARLY FORTIFIED, meaning that it is constructed 
according to the regular rules of the art, judiciously applied, not- 
withstanding that the outline of it may be very irregular : whilst on 
the other hand, the plan of a place may be quite regular, and yet 
it may be very badly or imperfectly fortified, by reason of the 
weakness of its general profile. 

Hie only mode, in which irregular fortification can be learned 
to advantage, is to collect accurate plans and descriptions of a 
variety of fortresses, which have actually been constructed, and 
more especially of those which have been often besieged ; for, as 
I before said, few or no fortresses are perfectly regular. Then by 
studying the history of their sieges, which w'ill be done to most 
advantage upon the spot, if circumstances will permit ; the advan- 
tages or defects of the various expedients, which have been 
adopted, at various times, for occupying irregular ground, bj 
defensive works, may be understood. The same remark will 
therefore apply to this branch of our subject, which was before 
made, in alluding to the various systems of fortification, invented 
.by a great number of engineers, or writers on that art, from time 
to time : namely, that it will be much best for a learner, not to 
erter deeply into the study of it, until he has previously made 
himself master of the most effectual means of attack, which 
have hitherto been used, in besieging fortified places. 
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Without enlarging further upon this subject, I shall therefore 
eonclude by observing, that when ground is irregular, those parts 
of the general outline, which are susceptible of bastionary fronts, 
should’ first be drawn, in the form of an irregular polygon. This 
being done, upon each of the sides of this irregular polygon, as an 
exterior side, a front of fortification should next be drawn ; and iu 
the whole operation, the general rules and proportions, given in 
Chap. XVI, should be kept in view, as much as circumstances will 
permit; observing, however, that it may not, in all cases, be 
expedient, to make the two demibastions in the same front exactly 
alike* 

As a specimen of the variations, which may take place in the 
outline of works of fortification, built upon irregular ground, the 
following sketch is added, to represent a fortress situated on a 
rocky peninsula, which we shall suppose to be inaccessible or 
nearly so, in all those parts towards the sea, which are occupied by 
a line of irregular redans."^ 



In a place situated on the sea coast, that part of the general line 
of works, which faces towards the water, is called the sea line 


* Tlic dotted pentagon represented in the figure, shows the position that 
might be chosen for a citadel, a kind of work, which will afterwards be 
explained. 
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OF THE FORTRESS; while the remaining part of it, which faces 
towards the countiy, is called the land line, and the paiticular 
fronts of fortification, of which it is composed, are called the 
LAND fronts. Ill like manner, in a place situated on the banks 
of a great river, there may be the river line, and the river 
fronts of the fortress, in opposition to the land fronts: and by 
w ay of distinguishing the principal gates of fortresses, so situated, 
those which face towards the water, and communicate with the 
wharfs frequented by boats or shipping, are called w'ATERport 
GATES, or sometimes simply waterports, whilst those which com- 
municate with the country, are called landport gat^es, or 
landports. 

Having now explained the principles of irregular fortification, 
as far as is necessary for an elementary work, we shall next treat 
of citadels. 

A citadel is a fort or smaller work, attached to a fortress of 
importance, sometimes as a keep or retreat for the garrison of the 
fortress, in case the principal works should be taken ; and some- 
times with a view to overawe the inhabitants of a disaffected 
city. 

Citadels, if regular in tlieir form, are usually made pentagons ; 
the square, geni^rally speaking, being considered too small a work 
to make a good defence. 

Citadels have most commonly been constructed, so as to form 
a part of the exterior general line of defence, of the fortresses, to 
which they have been attached. In that case, there is a break in 
the body of the place, w'hich is filled by the citadel. 

To exemplify 
this construction, 
you will first draw 
a figure with se- 
/Veu bastions, to 

represent part of the main inclosure of a regular fortress. 




464 ELEMENTARY FORTIFICATION, chav.xxit. 


Rub out your center bastion, and Uie inward flanks of the two 
COLLATERAL BASTIONS, that is to say, of those two bastions on 
each side, which are nearest to it : and rub out also the iuterinediale 
curtains. 

In the opening; thus left in the main inclosure of your supposed 
fortress, construct a regular pentagon. 



The pentagon, which you have just drawn, represents a citadel 
attached to your supposed fortress, according to the system, which 
has been in most general use. 

Both the citadel and the body of the place, shown in our figure, 
may have ravelins and other outworks attached to them. Tlie 
citadel has also its covered way and glacis, not only towards the 
country, but likewise in those fronts of it, which face towards the 
interior of the fortress ; and the ditches of the body of tlic place 
and citadel may communicate with each other. 

You need not draw any ravelins, &c. as the proper manner of 
inserting them may easily be understood. Draw only the coun- 
terscarps of your figure to represent the manner, in which the 
▼aiious ditches may communicate, as above mentioned. 
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Sometimes^ those parts of the main inclosuro of the fortrcsr., 
nvhich terniinale on the counterscarf> of a citadel, have been laid 
out, not in the manner represented in our present figure, but in the 
form of long faces, enfiladed or flanked by the more projecting 
ivorks of the citadel, and extending about 200 yards in a continued 
right line ; and it has further been recommended, to give to the 
terrcpleins and parapets of these long faces or branches, a less 
substantial profile than usual. These precautions, it may easily be 
conceived, are taken, in order to prevent the adjoining works of 
the fortress from being used to the prejudice of the citadel, in case 
tlie latter should hold out the longest, against a besieging army. 

Long faces, constructed for the above pus pose, on each side of 
a citadel, arc called faces of communication. 

In tlic interior of a fortress, which is constructed with a citadel, 
no houses or walls must on any account be allowed to be built near 
to the citadel ; but an open or level space must be preserved all 
round, which must at least extend beyond tlie utmost range of 
musquet shot. 

The open space, thus laid out, is called AN esplanade; 
and the same word was formerly used to denote a glacis. 

If an esplanade were not preserved in front of the citadel of a 
fortified place, an enemy viho had got possession of the town, 
would fill the opposite buildings with soldiers, who by a close fire 
of musquetry, from windows and loopholes, might destroy the 
meu on the ramparts of the citadel, without being seen by tbeni, so 
as to render it impossible for them either to man their guns, or to 
make any adequate defence whatsoever. 

It has been laid down as a rule, that the exterior fronts of a 
citadel should be made stronger, if possible, than those of the main 
inclosure of the fortress itself ; for as the capture of the citadel 
will evidently open the way into the body of the place, if tlie 

VOL. 11. H H 
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assailable fronts of the citadel i.verc the weakest parts of the 
general line of defence^ an enemy would attack them, in pre- 
ference, as being the easiest mode of making himself master of 
the whole. 

If, on the contraiy, tlie assailable fronts of the citadel are much 
stronger than the rest of the line, the besiegers may be obliged to 
attack the fortress first ; so that the citadel wdll serve as a keep for 
the garrison, and will place the enemy under tlie necessity of 
undertaking a second siege. 

Citadels have, however, more often been constructed with a 
view to overawe the discontented population of a fortified city, 
tlian as keeps ; and therefore, they have necessarily been placed 
upon the general exterior line of defence, in the manner repre- 
sented in our present figure, so as to maintain an open communi- 
cation with the country, in order that tlie garrison might thereby 
be enabled to receive succours from their army in the field, in case 
of an insurrection on the part of the townspeople. And for this 
reason, the principal gate of a citadel, facing towards the country, 
has often been called the gate of succour. 

There is only one situation, in which a citadel can conveniently 
answer both purposes, that is to say, when it is constructed on or 
near the inaccessible extremity of a foi^ress, which, by reason of 
natural obstacles, cannot be attacked, wdth any prospect of sue-* 
cess, on more sides than one. Thus, for example, in the first 
figure of this chapter, which was given to illustrate the nature 
of an irregular fortress, supposed to be inassailable towards 
the sea, it will be evident, that a citadel, placed in the position 
represented by the dotted lines, will serve the double purpose 
before mentioned; that is to say, it will not only overawe tlie 
inhabitants, but will also give the enemy the trouble of a second 
siege, since he has no means of approaching it until the exterior 
w’orks are taken. At the same time, a citadel, so situated, 
although not to be relieved by land, might, in moderate weather, 
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conveniently receive succours of men and stores, from a friendly 
fleet. 

Excepting in situations partially inaccessible, like the above, 
citadels cannot add materially to the resistance of a foitress against 
0 regular army, at least by no means in a degree proportionate to 
ilje expense of building them. When, therefore, the only object 
in view is to keep in check a discontented population, tliis may 
sometimes be effected, in a more economical manner, by what is 
called countcrtrcncliing a few of the principal bastions of the 
main inclosure. 

* 

A corNTERTHENCHMENT signifies an interior intrenchment> 
constructed in or behind any work, the parapets of which do not 
face outwards, or towards the country, like those of the original 
work, but are directed towards the rear. 

Countertrench ments do not, therefore, Oppose any additional 
obstacles to a besieging army, in assaulting those particular bas^ 
fioiis, behind which they arc constructed. They are only useful, 
when tlie works, so strengthened, are attacked in rear, which in 
most cases supposes an internal enemy. If, however, in the 
course of a siege, any of tlie other bastions of the main inclosure 
should be breached, whilst the countertrenched ones are left 
untouched, then even the latter will be useful, in case of an 
assault, against the besiegers’ troops, by preventing them from 
being able to extend tliemselves, and to gain easy possession of 
the ramparts on each side, after entering the place. 

To exemplify this construction, rub out your citadel, and restore 
the outline of the fortress to its original state. 

Then let two of your bastions be converted into keeps against 
an internal enemy, by drawling a countertrenchment in the rear of 
each, w hich may be laid out in the form of a small front of for- 
tification. 

Draw also ditches extending round your keeps, and let them be 

H n 2 
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continued on each side^ so as to cut off the countertfenchcd has- 
tioDs from the adjoining curtains. 



There must be a proper communication between a counter* 
trenched bastion, and the interior of the fortress, either by a 
bridge and drawbridge, or otherwise, in front of which there may 
also be a covered way with a place of arms ; and when the ditches 
are dry, the scarps of the countertrenchments should be reveled. 


CHAP. XXIII. 

OF THE MODE OF FORTIFYING A MARITIME FRONTIER. 

OF COAST BATTERIES, AND MARTELLO TOWERS. — OF 

FIELD POWDER MAGAZINES, TIMBER BOMBPROOFS, 

AND ABBATIS. 

We shall now treat of the proper mode of fortifying a maritime 
frontier. 

The principal naval stations and dock-yards in every country, 
diould be regularly fortified ; and in addition to a common fortified 
inclosure, it may be expedient to secure them against bombard- 
ment, by a chain of detached works, as was before mentioned. 

For the protection of harbours of secondary importance, forts^ 
casemated redouts, or towers, commanding their entrances, may 
suffice. 

To defend an open beach or landing place, against the disem- 
barkation of an invading army, batteries, supported by towers, 
have been considered a good expedient. 
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When the nature of the beach is such, that vessels cannot 
approach nearer than to the distance of 300 yards, or thereabouts, 
from the spot, upon which defensive works are proposed to be 
constructed ; ('oinmoii field batteries will be more than a match for 
shipping, as long as the contest is confined to a cannonade alone, 
even alihougli the latter may be able to bring four or five times as 
many guns into action. Tiie reason of the decided superiority, which 
a common battery thus possesses over a ship of war, of much greater 
fou e, will be readily understood from the following simple con- 
sideratjons. A field battery, properly constructed, is shot proof, 
and incombustible, and its guns may be laid with precision: 
whereas a ship may be set on lire ; its sides are penetrable by 
shot ; and unless in a perfect cairn, its guns cannot be laid with 
sufficient precision. Moreover, the comparative size of the two 
contending obje^cts is also a great disadvantage to a ship of war, in 
engaging a battery. 

The guns, intended for the defence of a coast, should always be 
mounted on tiaversing platforms, wliich method affords a greater 
i'acilily of firing quickly at ships under sail, in a variety of dif* 
ferent directions. If on the contrary, the guns of coast batteries 
should be placed on common carriages behind embrasures, their 
scope of fire will be too limited to liave sufficient effect; for 
vessels or gun boats may often be able to place themselves out of 
the line of most of the embrasures of a battery, so constructed, 
and yet in such a position us to annoy it by their own fire. 

Willi lespect to buibet batteries, they may, generally speaking, 
be jnoiiounced entirely unsuitable for the defence of a coast; 
because, excepting when they are placed on high cliff’s, or other 
situations of a very conimunding nature, they afford scarcely any 
protection to men against the fire of shipping; and if used iu 
semicircular bays, or other positions, where one defensive battery 
flanks another, the troops, posted in them, not being covered by 
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proper parapets^ are liable to destroy each other by their mutual 
lire, in acting against a common enemy, particularly when grape 
shot is used.* 

When the shore is low, and of such a nature, that ships can 
approach within close musquet shot of any spot, chosen for a 
defensive battery; it is then uecessaiv, that the interior of the 
battel^ should be covered at top, by a proper iniisqiict proof 
defence ; otherwise marksmen, placed in the ships’ lops, will be 
able to destroy the men in the batlcrv, by a plunging fire. A 
casemated battery, open in rear, is therefore the best that can be 
used, in such situations, but it is not absolutely necessary that the 
arches should be bombproof. And it is to be observed, that in a 
woody country, a roof formed of stout be ams of timJKT covered 
with about a foot of earth, mid supported by posts or uprights 
at proper internals, may be used to ad\autuge for the same puipose, 
ill lieu of aichcs and piers. 

It will easily be understood that a field battery, although, iti 
almost all cases, superior to a ship of war, in the effect of its 


* In all works flaiikr d Uj otlicrs, tlie same risk naist (»cenr, to a eerfaiti 
degree, if tlie parapets are low. But in a jterinaiienl forlress, tlir ditelies, 
against wliieli the tire of tlie ilaiiking work.^ i in direeicd, in 

case of an assault, are so inncli lower tluoi the puriqa'ls. that no ineoiivc- 
liiencc is to be apprehended b) the defenders of tin' Hanked works. It lias 
been remarked, that shot tired for tJje piir{>os(‘ of tiankiiig an> face of a 
bastion, ravelin, &r. are iisirally glanced oil* Mith eonsideruhle foree, when- 
ever they" strike the eireiilar part ol’ the opposite eonntersearji, in sn<*h a 
direction as to seonr thediln’i ol' the olh(*r faee of the same work, ('em- 
seqnoiitly, in the redan .system, the shot tired fnen one flanking easematt d 
battery are often, aftei being tlins turned otl', iin|i('lle<l towards .some other 
ca.scinat(‘d battery of tin; same work, and it by any aeeident they .should 
enter ihe enibia.sures, they might be jirejmlieial to the ileleiiders. Jlnt this 
js a rau* t (Milingeney, so seldom likely to happen, that it may lie disn*. 
garded ; and if‘ an enemy wen* aeiiially eiigrigrd in an assault, the doubU 
firo thus procUived by the bouiiding shot, would be of importance. 
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fire^ can afford little or no defence against an enemy, \vhen landed. 
But although arrangements are always made for manning die whole 
of the guns, placed in battery on a coast; the number of men, 
employed in this duty merely, are entirely inadequate to resist a 
landing of seamen and marines, even from a single ship : nor is it 
practicable for the most populous and wealthy nation, to have a 
force sufficient to oppose such enterprises of a hostile fleet, on 
every accessible point of its line of coast. It therefore becomes 
absolutely necessary, to support the field batteries, which may be 
constructed on various parts of a maritime frontier, by works of a 
more substantial and stronger nature, such as are not liable to be 
easily taken by a sudden assault. 

Sometimes, with a view to the above object, earthen cavalier 
batteries have been made, with a ditch in front, secured by pali- 
sades, fraises, or otlier obstacles, and inclosed in rear, either by a 
loopholed brick wall, or by a defensible guardhouse or barrack ; 
ill such a manner, as to form a kind of redout. 

A DiCFiiNsiRLE guakuhouse implies a building, capable of 
receiving either the whole or a considerable proportion of the men, 
who are necessary for the defence of any work, so as to serve the 
purpose of a keep, in case an enemy should penetrate into the 
interior of it ; and for this reason, tlie w^alls, which ought to 
be built in a substantial manner, arc always crenneled. The roof 
ought either to be arched over with a terrace at top, or at least it 
should be so constructed, as not to be liable to be easily destroyed 
by fire. 

I shall here remark, that defensible guardhouses, such as have 
been described, may not only be used as a protection to sea bat- 
teries, but may also be employed to advantage, in inland positions, 
iu the defence of redouts, or other w'orks, not casemated ; and in 
all cases, their walls, if possible, should be covered against can- 
non shot by the parapets of the w'ork, within which they are 
constructed. 
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Caseniated redouts for the defence of a coast have sometimes 
been made circulari but in most cases a different form would be 
preferable^ for it is seldom to be supposed, either that they can be 
equally liable to attack on every side, or that they can be required 
to act against shipping, 8cc. with an equal number of guns in every 
direction.'* In those sides of them, which face towards the sea, a 


• Tlie dimensions of a casemaled circular redout, w hich lias actually 
been constructed on the coast of England, are as folhovs. 

Its exterior diameter is about lao feet at top, with panij>cts from 10 to 
11 feet thick, and tcrrcpieiiis feet 6 inches broad, so that there remains 
an open area, or interior space, of about 00 feel in diameter. 

The exterior height of the scarjr revetment is nearly 34 feet at the mer- 
lons, hut 32 feet only at the embrasures, 'riie lcin‘pleiii is tilled up fur 
10 heavy guns, mounted on traversing platforms, uhieh lire through the 
shallow cinbrasiires, above noticed, the interior height of the parapet at 
the merlons being a feet, 'riiere is a banquet Ic 3 feel wide tbruiighout, 
and 2 feet high ia front of the guns, but 3 feet (j iiielies high in other parts. 
There are disengaged tra^ersi s between the guns, 8 feet nide, 15 f 4 *ct long, 
and 3 feel distant in front thmi the parapet. There is a gatcMay 10 leet 
wide, >\ilh a bridge and drawbridge for entering the redout. The eomniu- 
nications, bclueeii tlic terrcplciu and iutciior area, are by three staircases, 
each 4 feel Mide. 

q'hc redout is co>erod by a glacis, having a slope of 7J to 1, the line of 
'\\hic‘lii)rodiieedcnts the scarp, about 2 feet 6 iir lies below the .soles of the 
embrasures. I'he counlersearp revetment is about 20 foet high, and 5 ft'c't 
8 indies thick at bntt'>m, with a moderate slope. 'J’le; ditch is about 28 fc(‘t 
C inches \side ai top, and has a dip at boltuin of 5 feci, being deepest on 
the scarp side. 

The scar)) revetment is 3 feet 0 im hcsthic'k fuily, in front of the casemates, 
lull the lower part of it, whii-h is f:o;cd wiih granilo, i»* increased to the 
thickness of 13 feet at bottom, ’nciiig laid out with a \oiy great slop(‘. 'Jlio 
casemates are 35 in number, of which se\eiil«-eii au* reetangiilar, the 
lemaiiider being of an irregular winili. The fornn'r are alternately 15 fccl 
7} inches, and 11 feet 7i invhvs wide, 'flic piers are each 3 feel thick, 
and 7 fet t high, measuring from the wooden Door to tin* spring of the areh, 
and are iiitcrscetcd h} doors of eommuiiicatiou, 4 feet wide. All the ease- 
niatf's have a circular loophole in front, of 1 foot exterior diameter, ami 
airhojf's, 9 iudies square, hwishing below lh« banquette. 1’lic irregular 
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double tier of guns may be mounted^ if thought proper, part on 
the terreplein of the redout, the remainder in casemates below. 
This of course implies that there is either no counterscarp, or a 
very low one, in that direction."*^ On the land side, where a coun- 
terscarp is absolutely necessary, if the work is intended to make a 
good defence, a double fire of this nature cannot properly be 
obtained. 

Towers, armed with cannon at top, have always been considered 
a good expedient for the defence of a coast, and have been built 
of various shapes and sizes, in different countries and situations* 
Of late, however, round lowers, mounting from one to three, and 
not exceeding four guns, upon traversing platforms, have, upon the 
whole, been deemed the best adapted for the protection of an open 
beach ; and have accordingly been constructed, in great numbers, in 
the British doininioii.s, both at home and abroad, particularly in the 
most accessible parts of the southern and easten« coasts of England. 


casemates liu\c only one airhole, the others two. Each casemate has one 
fire place, excepting those fitted up for oflicers* quarters and cooking places, 
wliieli have two. Eliev are eaeh inclosed in rear by a wall 2 feet 3 inches 
thick, with a door and two windows, and a circular aperture over the door. 
^J'hc rise of the an lics of the casemates is 7 feet 9 inches, the total depth of 
masonry (»vcr the crown of each being 1 feet 0 incites. The leiTcpleiiis 
are (> feet d inches liigh, in front, above tlie crown of the an‘hcs, and have a 
reverse slope of 1 foot towards the central .^rca. Almost the whole of the 
redout above the level of the floor of the casemates, is built of brick : 
below that level, granilo, as before ineiitioued, and rough stone arc used, 

* In projects whicli 1 have scon for fortifying their coast, the IVciirh aro 
very fond of iniiltij)hing artillery to a superfluous degree, pr(»posing often 
to use tw o or even thiee tiers id heav} guns in their cascinatcflsea batteries, 
when one ojight to siiflice. It is how ever to be obser\ed, that in building 
:* cascinated coast redout, it may generally bo ad\isablc to have casemated 
emhrasurcs in all those sides of the work wliicli face tow unis <he sea, for as 
llie casemates thcmsclv<*s must necessarily he coiistriict<‘d fur the acconi- 
Tn(»dation of Ilje garrison, whether they are «'ver likely to he required as 
batterif's or not, tlicrc can he no disadvantage, rather the contrary, in pre- 
paring them fur this extra service, in case of eiiicjgciiev. 
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Towers of this description have lately been distinguished by the 
title of martello towers, in consequence of a good defence made 
by a small round tower of that name, in the island of Corsica. 

Martello towers should be at least 50 feet in exterior height, in 
order that they may not be easily carried by escalade; and tlieir walls 
may have a small exterior slope, not exceeding one twelftli of the 
height. Their exterior diameter will of course depend upon the 
mimber of guns, proposed to be mounted. The smallest of them 
have been about 50 feet high and 55 feet exterior diameter at top; 
the largest have been about 55 feet in exterior height, and seldom 
exceeding 50 feet in mean diameter at the top, measured also 
exteriorly. The term mean*’ is used, because the larger kinds 
of martello loners have seldom or never been made exactly circular, 
as shall heixafter be explained. 

Martello towers are built with two stories, of which the upper 
one serves for the accommodation of the troops, and is covered by 
a bombproof arch or arches. The lower story should also be 
covered by light arches; or at least by a floor of incombustible 
materials ; and it is usually divided into three or four small apart- 
ments, one of which serves for a powder magazine, the others 
being appropriated for provisions and other stores, A small cistern 
or tank is also usually placed, somewiicre in or below the lower 
stoiy. Above liie bombproof arch there is a flat terrace, formed 
entirely of solid masonry, upon which the gnu or guns are mounted, 
and which is secured all round by a parapet and banquette. The 
total depth of masonry over the crown of the arch is seldom less 
than 5 feet ; the usual height of the parapet being about 6 feet ; 
and the width of the banquette I foot 6‘ inches. 

Tllie entrance of a martello tower is by a door, placed nearly on 
the level of the floor of the upper story, to which the communication 
from without is either by a ladder or by a drawbridge. The upper 
ator}' communicates with the lower one, by a trapdoor or hatchway 
and ladder, or sometimes by a staircase, and with the terrace at toji 
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cither by a shafts cut over the doorway, and a ladder, or by a spiral 
staircase, or by one or two common staircases. ^Fhere are always 
loopholes serving as windows, in the upper story, but there are 
seklom any external apertures in the lower story, which is ventU 
latcd by winding air-holes, usually carried up towards the top of 
the tower. There is a fire-place and chimney in the upper story, 
and some towers have had a small furnace for lieating shot. The 
doors arc placed towards the land, that being supposed to be the 
most secure side ; for which reason tlie mean thickness of the walls 
lias usually been made rather less on that side, than tow'ards the 
sea. By reason of tliis difference, these towers have sometimes 
been built of an elliptic form exteriorly, whilst the interior of them 
lias been made circular. 

Towers and casemated coast redouts are built entirely of 
masonry in every part : for by reason of the superiority, above- 
mentioned, which guns on shore generally possess over shipping j 
walls and parapets, constructed with brick or stone, although not 
calculated to resist land batteries for any length of time, will 
remain good, until the vessels engaged with them are completely 
disabled. Hard stone should, however, not be used in parapets of 
any kind, if brick or soft stone are to be procured ; the former 
material being inucli more liable to produce dangerous splin- 
ters. ^ 

The walls and parapets of towers and casemated redouts, 
intciuled for coast defence, are seldom made more than 1‘2 or lo 
feet thick, on tiieir most exposed sides; nor are their parapets ever 
made less than 6 feet thick, in their weakest parts. When their 
vvalls are covered by a counterscarp and glacis, w hich is sometimes 
done, the thickness of the masonry may of course be greatly reduced, 
care being taken, however, that there shall be sufficient strength left 


* For this reason, loopliokd walls, sen iiig as keeps or rctrenchiuoiits, arc 
never built of hard stone. 
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ID all those parts, M^hich may serve as piers or abutments to the 
bombproof arches.^ 

In the small martello towers, the bombproof arch has often con- 
sisted of A dome; which signifies an arch, springing from one 
continued circular pier, formed by the exterior walls of the tower, 
so as to resemble a hollow hemisphere or half globe. Sections 
taken through the center of this kind of arch, in every possible 
direction, are all exactly alike. In the larger towers, annular 
arches have often been used ; that is to say, arches springing from 
two concentric circular piers, one of which is formed by the 
exterior walls of the tower, whilst llie other consists of a small 
round pillar, built in the middle of it. In any section taken through 
the center of a tow er, rouslructcd in this last mentioned manner, 
two arches will appear; but in reality they are to be considered 
as only one coiitinned nrcli, the plan of w-liich is circular, so that 
it incloses a space like a ring ; from w hich circumstance it derives 
its name. I’hc centra! section of a dome, as also the perpen- 
dicular section across any part of an anvclah arch, may 
cither be a semicircle, ellipse, parabola, or segment of a circle, or 


In parsipets huih of masonry, about onr foot of the top of the parapet, 
near the inlerioi nv.st of it, i.N usually laid «)ijt hoiizonlalb, nr nearly so, 
bcjoiid V. hirli the legular superior slope coiiiiiiPiK os. AMien cnibrasiiies 
irie eiit ill sneh ji.Miij.els, it is al..o to be ob.ser>ctl, that the neck or narrow- 
est part of the embrasure does not exactly agree with the interior .sh»pe, as 
in a licld battcrv, but is commonly placed about one f<iOt mf»re to the front, 
lK‘yond which the usual spla} coiiiirieiiccs. 'J'hose small portions of each 
fhe.ck of an embrasure so <-oiisinicted, wliicb arc. in rear of the neck of it, 
l;a\(* also a s-jda^ backv^ards, proportional to the exterior splay, Coiisc- 
rjMcnfly tiu‘ outline of each check cjfa masoiir} embrasure is represented in 
a b\ two lines of very imeipial lengths forming an obtuse angle, each 
^llor^ liim of the one cheek, being near!} parallel to the long lino of the 
other. 

In iiiiiitary work>, the general mass of which is huilt ol hriek, all angle.s, 
copings, are generall} faced with soft stone, when it is to be procured, 
and largo bh « k\ of hard .stone arc preferred for the Ibuiulaiioit^ 
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in short of any form, used in the other more commtm kinds of 
arches^ \i’hich spring from parallel right-lined piers. 

Sometimes instead of domes or annular arches, common arches 
have been used for martello towers. This method saves trouble in 
the workmanship, but it gives the arch a very irregular appearance, 
because the interior of the tower is either laid out in a circular 
form, or in the shape of a polygon, so as to approximate, in some 
degree, to the general outline of the exterior curve ; and it must be 
evident, that unless the space covered by a common arch is rectan- 
gular, the arch cannot possibly have an uniform span and rise, 
throughout eveiy part of its extent. 

A long gun, mounted on a traversing platform, requires tin inte- 
rior space of about (20 feet diameter, within the parapet, to be 
able to traverse freely iu all directions ; and a carronade or lighter 
gun requires iG feet. If therefore three dotted circles touching 
each other are drawn, one from the center, a, with a radius of 10 
feet, the others from the centers, b, and c, with a radius of 8 feet 
each, the areas of all these circles added together will point out 
nearly the whole interior space, Avhich ought to be comprehended 
within the parapet of a martello tower, capable of mounting one 
long and two lighter guns. Afterwards by drawing an exterior 
circle through three points, d e f, chosen in such a manner, that 
there shall not be less than a certain number of feet, 6 for example, 
comprehended between them aud any part of the circumference of 
tlie smaller circles, this will give the general extent of the exterior 
diameter at top of the required tower; as is represented in tlie 
following figure. The thick curved 
line, immediately inclosing the dot- 
ted circles, shows the form, which it is 
, proper to give to the interior crest of the 
parapet, of a tower constructed for 
mounting more guns than one; it being 
desirable, that the muzzles of the guns 
should always project beyond the interior 


d 
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crest of the parapet, which would not be the case, unless the latter 
w ere curved in such a inaiiuer, as to agree nearly with a consider-* 
able portion of each of the arcs, described by the several traversing 
platforms in their motion.* 

It will be obvious, that whenever, for the above reason, the 
interior crest of the parapet of a tower is indented or composed of a 
mixed curve, partly convex and partly concave, as reprcseftled in our 
present iigure ; the exterior crest of tlie parapet, and consequently 
the exterior outline of the tower, need not be exactly circular, but 


• If a line of Iioavy jjuns iiiounlcd on travcrsiii;? platforms were never 
likcly^to fire except in llie same direrboii, intervals of 12 feet would l>u 
quite siifiieiimt. Hut as one giin may be required tf» be pointed in one 
direction, and the adjoining; ^uii in a contrary one, at the same lime, their 
two travei’sing platforms would interrere with each other, if less than about 
30 feet were allowed, as slated in the text. 

The regulation traversing platform for heavy guns consists of two strong 
side pieces, which arc 16 feci long, and cover a space of about 5 feet 
Si inches wide, from out to out They are connected by three iransoms or 
cross pieces. The center of the fore transom is ] foot 6 inches, that of tho 
middle transom is 6 feet 3 inches, and that of the hind transom is 11 feet, 
from the trout of the platform. Any one of those three ])oints may bo 
chosen for the pivot or center of motion of a pialform of this description, 
which conscquciilly may either be made to traverse in front, in <*e!iter, or 
in rear. The four trucks, upon which the plailbrm moves, arc fixed under 
the side pieces, near tlic extremities of the fore and hind transoms, and 
their axles must he directed towards the center (tf motion. T}ic> movo 
either upon hard stone, or on narrow iron plates of a circular form, fixed 
down upon wood or stone. These plates arc called the kirks, or some- 
times THE RACERS OF A TRAVERSING PLATFORM. 

When guns, mounted on traversing platforms, are placed in rear of any 
right-lined face of a work, it is best to use platforms traversing in front. A 
traversing platform having its pivot in center lias been recommended for 
acute salient angles, and the pivot in rear has been recommended for more 
obtuse salient angles. The two last kinds of traversing platforms are the 
best adapted for towers. It is to be remarked, however, that peculiar tra- 
versing platforms have often been made on purpose for particular towers or 
other works, diflering in their general dimensions and construction! from 
those which have been mentioned. 
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may be made in the form of some irregular or mixed curve^ so aii 
to approximate to tlie interior outline of the parapet to a certain 
degree. This has been attended to in planning some of the large 
towers on the coast of England, which mount three guns. 

The annexed figure shows tlie plan of the top of one of these towers, 
in which the interior and exterior crest of the parapet, and the ban- 
qiiettc are represented, as also the pivots of the three traversing plat- 
forms, from which points, as centers, tlic circular portions of the inte- 
rior of the parapet are described. The least thickness given to the 
parapet in any part is 6 feet. The exterior 
curve is an irreguliir figure, composed of 
seven circular arcs, described from so many 
different centers, its two greatest diame- 
ters at top being 30 feet 7 inches by 47 
feet 7 inches, which dimensions are in- 
creased, towards the bottom of the tower, 
by an exterior slope of one twelfth. The dotted lines show the 
position of the heads of two staircases, for ascending upon the 
terrace. 

As a further illustration of the nature of these towers, a second 
figure is added, representing the plan of their upper story. 

In this, the principal door of the towTr, 
as also four windows, and two fire-places, 
and the two staircases, before mentioned, 
are distinctly shown. The small interior 
circle represents the central pier of the 
annular arch. Partitions, inclosing a 
small apartment for an officer, between 
W'liich and the said pier a narrow passage is 
left, are omitted for the sake of clearness. 

In the following figure, the section of one of the smaller martello 
towers is g:ven, w'hich, being supposed to mount one heavy gun 
only, may be about 20 feet interior diameter at top, measuring from 
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the interior crest of the parapet on one sHe to the corresponding^ 
point on die other. Tiie upper arch, wliicli in section is a circular 
segment, may represent a dome. The two arches of the lower 
story, may either represent an annular arch, winding round a central 
pier, or what for a small tower would be more coiiveuient, they 
may represent the central section of two common segment arches, 
which, for the reason before mentioned, would, in other parts, 
towards their extremi- 
ties, be of ail irregular 
form. Tlie pivot of the 
traversing platform is 
represented above the 
principal arch, con- 
sisting of an iron iiiiie- 
pouiider gun, properly 
fitted up and built into 
tlie masonry ; this being the expedient most usually adopted for 
fiiat purpose. 

It ought to be clearly understood, that the chief advantage of 
martello towers is their non-liability to be instantaneously entered 
and taken possession of, by sudden assault, after the landing of an 
enemy: because as far as regards the mere effect of the guns 
mounted upon them, if engaged with shipping in a distant canno- 
nade, there can be no doubt, but that the same number of guns 
would be equally efficacious, if placed in a common low field 
battery.* The round figure of the martello tower is some 



• The name of Martello tower was adopted, as before mentioned, in 
consequence of the good defence, made by a small round lower in the bay 
of Martello, in Corsica, in the year 1794, which, although armed with one 
heavy gun onl}’, beat off one or two British ships of war, without sustaining 
any material injury from their tire. But this cirrmnstance ought merely to 
have proved tlie superiority, which guns on shore, must always, in certain 
situations, possess over those of shipping, no matter whether the former are 
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advaatage, because when exposed to a cannonade, all the shot, 
which strike it obliquely, glance off, without materially iigiin||g 
the masonry. Tins advantage, however, is of importance only 
against ships, whose fire is uncertain. In opposing a land batter}^, 
constructed within a moderate distance, and firing with the usual 
precision, it w'oiiid be of very little avail, because almost every 
shot might be made to strike perpendicularly upon the center 
of the building. Martello towers are therefore not to be recom* 
mended in inland fortresses or positions ; although no other kind of 


mounted on a tower or not. That this is a just decision, will perhaps be 
readily allowed, by all who are acquainted with the following equally 
remarkable but less geuerally known fact, which occurred about twelve 
years afterwards, in the same part of ^thc world. A common two-gun barbet 
battery, situated on a commaudiug cli/T on the coast of the kingdom of 
Nai)le8, beat off a British 74-gun ship, supported by a frigate, occasioning 
a very severe loss to the former, although in the battery itself only one man 
was wounded. After the attempt to silence the battery cannonade wae 
found to be entirely hopeless, a party of seamen and marines were landed 
with a couple of held pieces, who in a very short time made themselves 
^masters not merely of this insignificant work, which w^as quite open and 
defenceless, but of a substantial building in rear of it, serving as a keep, in 
which the enemy had taken refuge, with a view to defend themselves by 
musqiictry. 

The (k>rsican tower, before mentioned, which had in like manner com- 
pletely baffled a naval cannonade, was very soon found to surrender, when 
attacked by laud ; not, however, before a small battery had been made to 
reduce it. 

From what has been said in this chapter, it may be inferred that it is very 
imprudent for a ship of war to engage in a protracted cannonade with a 
properly constructed coast battery, unless in cases of extreme emergency, 
when the good of the service absolutely requires that a certain risk should 
be incurred. The vessels best adapted to contend with batteries, altboiigU 
even they ^iH liS>ht at a disadvantage, are small gun boats, mounting one 
lotig heavy gun in the bow, which ought always to spread themselves at con- 
siderable intervals apart, in order to prevent the battery fron concentrating 
its fire. Gun boats of this description arc only efficient in a calm, when they 
ean fire with great prccision« 

VOL. II, f I 
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'works are, upon the whole, better adapted for the defence of an 
open beach, against a hostile fleet.^ 


• In order to give a more precise notion of t!ic nature of some martello 
towers^ which have actually been constructed within the last fifteen years, 
the following descriptions are added. 

1st. The large circular towers, built in Alinorca, when that island was 
last in possession of the English, were 55 feet in exterior diameter at top, 
their exterior height being 36 feet with a slope of l-12th. I'he thickness of 
the parapet was 12 feet all round; its height 6 feet ; its dip 2 feet 6 inches. 
The height of the lower story of these towers was 11 feet; over which was 
a wooden floor covered with paving tiles, total depth 1 foot 6 inches : the 
height of the upper story measuring to the crown of the arch was 15 feet 
6 inches. The bombproof arch was a dome of a section nearly elliptical, 
the span of which was 31 feet, and its rise 11 feet 8 inches. The dimie and 
exterior outline of the tower were described from the same common center. 
The thickness of masonry over the crow^n of the dome was 5 feet. 

Above the principal entrance, which, like that of all the other towers 
about to be described, was a door placed on the level of the upper apart- 
ment, there was a machicooly, and a square bole or shaft for the conveni- 
ency of hauling up stores. The ascent to the terrace was by a spiral or 
winding staircase, cut in the wall. A ljatc;]iway and ladder led to the 
lower story, which was partitioned ofl* into three apartments. There was a 
cistern excavated below the general level. 

The towers which have just been described were very handsome, being 
faced with cut stone, both inside and out: and having a cordon and coping, 
tlie former at the height bf 31 feet, above winch the remainder of liio exte- 
rior wall was built perpendicularly. 

A long heavy gun, whose center of motion was in rear, w'as mounted on 
these towers; hulas there w'asrnuch more than siiflicieiit room for one gun, 
a howitzer or carronade was also added. 

2d. The smaller circular towers, built in the same island, were 35 feet 
exterior diameter at top, their exterior height being 30 feet, with a slope of 
l-12th or l-15th. The Ihiekness of the parapet was 7 feet 6 inches ail round ; 
its height 5 feet 10 inches ; and its dip 2 feet 9 inches. 

The form of the interior of the tower was an irregular octagon, which was 
described by first drawing a rectangle of 18 by 20 feet ; and then setting off, 
from each angle, 3 feet upon the short sides, and 3 feel 3 inches upon the 
long sides. The adjoining points, thus found, being connected by right 
lines, formed the short sides of tlic required octagon, the center of whioh 
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It was before stated, that strong timbers may be used in lieu of 
arches, for covering a battery against a plunging fire. I shall 

did not correspond with the center of the tower, hut was placed 2 feet 
6 inches in rear of it towards the land side ; in order to increase the strength 
of tlie masonry towards the sea. The plan of the upper story of one of 
these towers is represented by the first of the annexed figures, in which the 
original rectangle is marked by the Ictlcrs, a, h, v, d. The second figure 
represents the plan of the top of the 1ow(;r, in wliieh the parapet and hau- 
qiiettc and pivot of the gun arc distinctly shuv\ n, 


The height of the Iowtt story of these towers was 9 f-ct up to the crown 
of the arches, by which it was covered : the thickness of masonry over 
w hich was 1 foot. The height of the iijiper sh^ry up to the crown of the 
bombproof arch w as 10 fed. I’he two arches of the lower story w^erc each 
9 feet 6 inches .sj)iiii and 2 led 3 inches rise, resting partly on ihc sides, a b, 
and c d, as abutments, and partly on an interniediale pier w'all 1 foot thick. 
The bombproof arch rested on the sides, a e. and b d, as piers, and was 18 
feet wide, with a rise of 6 feet. The depth of masonry over the crown of 
this arch was 5 feet 6 inches. The whole of the above andies w^erc irregular 
in their appearance, being of course imperfect near the angular parts, a, b, 
c, and d. (Inc of the arched apartments of the lower story was subdivided 
into tw'o, by a partition wall. The exterior entrance or door of the tourer 
was 2 feet 6 inches Jiigher than the upper story, to which there was a 
descent of 4 steps. Over the door w^as a rectangular shaft about 2 feet 
6 inches by 2 feet 10 inches, by means of which there was an ascent lo a 
small machicooly chamber, represented by the dotted lines in the second 
figure, the interior width of which varies from 4 feet 6 inches to 6 fed 6 inches, 
in the clear. The machicooly was supported by 4 corbfds, and projected 
2 feet beyond the rest of the parapet, as is shown in the same figure. From 
the chamber to the terrace, there w'as an ascent of 3 slops each 1 foot high. 
The descent to the lower story was by a hatchway. Recesses not sbowu 
in the figure, were cut in the parapet of each of these small towers, for 
placing a grate to heat shot: in one of these towers, only, a small brick 

J I ^ 
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conclude this chapter, by describing some other defensive purposes, 
that have not yet been noticed, to which woodvi'ork may be applied, 
particularly in those countries in which ti*ees are plentiful. 


furnace, for that purpose, was built in the said recess. As far as regards 
the general form of the interior of the above towers, and the nature of their 
arches, the construction used may perhaps be allowed to be one of the 
simplest and most convenient, that could have been adopted, provided that 
the principal entrance and shaft had not been pierced in one of the abut- 
ments of the great arch. 

The whole of the lowers, constructed in Minorca, had not oii1> airholes for 
the powder magazine, but also a few loopholes or small windows cut in the 
lower story, besides several in the upper story. They w ere all founded on 
rock, having cisterns arehed at top, cut out of Ihc rock. In some of them, 
a small well-hole was sunk from one of the wiiid<iws oi the upper st(»ry, for 
drawing water from the cistern, without going down below. 

One tower, built in the same island, was of a very peculiar coiKstnietion, 
having a narrow circular crenncled gallery in the lower story, iindosing the 
powder magazine. The loop-holes of tills gallery, which were pierced 
through the exterior walls of the tower, were not cut perpendicularly, in 
the usual manner, but obliquely, and cither proceeding in angles from some 
common junction, or intersecting each other, in tlic form of the letters V 
and X. 1 thought it proper to nicntion this circumstance here, principally 
for the sake of defining these divkuging and intersecting loop-holes, 
as they are called, which are often to be met with in creiinoled defensive 
works, particularly if the walls are thick. The same tower had also a 
counterscai'p and glacis, and a crcniieled counterscarp gallery of small 
extent, for the purpose of producing a reverse lire in the direction of the 
principal entrance. 

In the remaining towers, which are about to be described, and whieli 
were built in various parts of the British dominions, there were no external 
apertures whatever, excepting in the upper story, the lower apartments 
being ventilated entirely by winding air-holes, about 1 foot square, carried 
up in the wails to a much higher level. 

3d. Some towers were built of an ellipse like form exteriorly, their 
transverse and conjugate axes being 39 feet 6 inches by 36 feet 6 inches at 
top. The curve was composed of four circular arcs, described from so 
many dilferent centers. The exterior height was 34 feet with a slope of 
1-1 0th. The tcrraco was a (drcltv of 24 feet diameter, the greatest thickness 
of the parapet being 9 feet 6 inches ; its least thickness 0 feet ; its height 
5 feet 10 inches ; and its dip 1 foot 9 inches. 
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In field Mrorks, such as redouts, 8cc. the powder magazines are 
always constructed of woodwork. The interior section ^en to 


The form of (lie interior of the tower is similar to that of the terrace, and 
iininedialely boiow it, beings also a circle of 24 feet diameter. The lower 
story is covered b;v iv,? common segment arches, the greatest span of 
wJiich is 10 feet u){ itichcs, their greatest rise being 3 feet 9 inches. They 
spring parity a right-lined central pier, 2 feet 3 inches thick, and 
partly from ibr » \teiior walls as abutments, which, as these are of course 
nearly seniirtM saar, occasions the said arches to be of a very irregular 
appearatii'*^. ’kmi* section in no two pai*ts being exactly alike. The upper 
story of till' 'oM vr is covered by a segment dome of 24 feet span, and 6 feet 
9 inches icfc. 'Jlic height of tlie lower story, measuring from the wooden 
floor to flic » rown of ihc arches, by w^hich it is covered, is 3 feet 9 inches ; 
the thickness of masonry at the crown of these arches is 1 foot 6 inches: 
height fniiM thence to the crown of the dome, including the wooden floor 
of the upper story, 13 feet 2 inclies. Depth of masonry over the crown 
of the dome 3 feet 0 inches. 

Two staircases each 2 feet 6 inches wide, consti'icted in the thickest 
sides of the tower, lead from the upper story, one of tliem to the terrace, 
the other to the lower apartments. 3l'heir outline is parallel to the interior 
circle of the tower, from wdiich they arc divided by a wall 1 foot 2 inches 
thick, the inside of which corresponds w'itli the said circle. 

Below the wooden floor of the lower story is a tank 5 feet 1 inch high, 
measuring to the crown of a nine-inch arch, by which it is covered, the 
section of which is a segment of 10 feet span and 1 foot 2 inches rise. 
The tliiekncss of the floor of the tank is 9 inches. 

4th. Other towers were constructed, also of an elliptical form, exte- 
riorly, their transverse and conjugate axes at top being 39 feet 10 inches 
by 36 feet 10 inches. Their exterior height was 32 feet, with a slope of 
1-lOlh. The terrace was a circle of 96 feet diameter ; the greatest thick- 
ness of the parapet being 8 feet 10 inches; its least thickness 5 feel; its 
height 5 feet 10 inches; and its dip 1 fool 2 inches. 

The height of the Iowtt story of the lower, from the level of the w’oodeii 
floor to the bottom of llie joists of the floor above it, is 7 feel 8 inches. 
The total depth of wood work of the floor of the upper story is 1 foot. Tlnj^, 
liciglit of that story is 10 feet 7f inches, measuring to the crown of the 
annular bombproof arch, which is a segment of 11 feet span, and '3 feet 
2 inches rise. The total depth of masonry over the crown of the arch is 
5 feet 6 inches. The central pier is 4 feet in diameter, which in the lower 
story is increased by oll'scts to 5 feet. The general outline of the itilerior 
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fhem^ in field batteries in a siege, is usually a right-angled triangle, 
of which the' base and height are nearly equal. The roof, which 


of the tower is formed by a cirrir of 26 feet diameter (including the above 
pier), the ceufer of which circle is immediately below that of the ten’ace. 
About one fourth of the lower story is partitioned off by brick walls, and 
covered by light arches, which space is appropriated to the powder maga- 
zine and its vestibule, the body of the magazine being part I \ formed by a 
recess cut in the exterior wall of the tower, the thickness of which is 
thereby reduced to 7 feet 6 inches at that part. ’’J'lic descent to the lower 
apartments is bj a hatchway : the ascent to (he terrace is by a stair<*aso 
1 foot 104 inches wide, the interior wall of which is .3 feet thick, and pro- 
jects 2 feet iiiw'ards, beyond the general outline of the iqiper sloiy. 

51b. The largest kind of tower, before-mentioned in the text, shall 
lastly be deserib(Hl more in didail. 

The extcriiir outline at top is an irregular curve, (rcpreseiited in tlio 
figure given in jiagc *179) the traiis^t^rse and conjugate;.diainctcrs of which 
arc 50 feet 7 inches b> 47 feel 7 inches, us was before staled. The exterior 
height is .'ij feet, with a slope of l-12tli. ‘I’lie eirciihir portions of the ter- 
race are described, one wilb a radius of 10 feet, the two others with radii 
of 8 feet each, the least thirkiiess of the parapet, wiiicli is very irn^gular in 
its form, being d feet: its iulcrior height 6 feet, and its dip 1 foot 6 
iuclies. 

The height of the lower story of the tower, from the level of the wooden 
floor, to th(‘ bottom of tlic joists of the floor above it, is 8 teet inehes. 
The total depth of woodwork of the floor of the upper story is 1 foot. The 
height of lliiit st<jry is 11 leet 94 inches, ineasiiriiig to iJie crown of the 
antutlar bombproof arch, which is a segment of 14 feel 0 inches span, and 
4 feel S inches rise. The total depth of ina.soiirv over the crown of the 
arch is 5 feet f> inehes. 'J’he. eciilral pier i.s 6 feet in diameter, which in the 
lower story, is iiicr<’used by offsets to 7 feel. The geiieml outline of the 
interior of the tow er, is formed Iiv a circle of 55 feel diameter (including 
the above pier) in tiie upper ston, but by a circle of 34 feel only, in tbp 
lower story, the latter being i educed in widlh in order to obtain olf'sets for 
supporting the w all-plate of the wooden floor above it ; a purpose which, 
in the last described tower, was efleeted by stone corbels. About one 
fouiitli of (he lower story is partitioned oil* by brick walls, and is (jovered 
over by iiiiic-incli arches, which .spare is approjiriated t() the vestibule and 
light room of the powder magazine, iJie body of it being partly formed by 
a recess of 14 feet by 4 feet 9 inches, cut into the exterior wall of tlie 
towel. The remainder of the lower story is partitioned off* into various 
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corresponds with the hypotheniise of the triangle, and which con- 
sequently slopes on one side only, is formed of strong timbers of 


store rooms, and there are 4 recesses cut into the exterior walls in certain 
parts of that slorj^ 

In some of the towers, which we are now describing, the counterscarp is 

feet Fiigh above the level of the ditch, of which 20 feet 9 inches are 
revet cd, the remainder being formed with an earthen slope. The counter- 
scarp revetment is 1 foot 10| inches thick at top, with a slope of l-6th, its 
outline being perfectly circular, and described with such a radius, that the 
narrowest parts of the ditch arc 35 feet wide at bottom. It has counter- 
forts 1 foot long and 3 feet wide, built at intervals of 18 feet apart from 
center to center. The slope of the glacis is not quite regular, but in general, 
when produced, it cuts the tower about 2 feet below the exterior crest of 
the parapet. 

The exterior walls of this and the last described tower had each founda- 
tions, about 5 feet deep, below the surface of the ground. Under the 
wooden floor of the lower story were inverted annular segment arches 
1 foot 6 inches thick, the form of wdiicli as represented in a section is not 
regular, the eciiter, from whence the curve is described, being much 
iiCHi'cr to the exterior w'alls than to (lie central pier. I’lie whole space 
below those irnerted arches is filled with masonry, extending to the same 
depth us the bottom of the exterior walls, and connected with it, so as to 
form a contiiined solid stone foundation under the whole tower, the least 
thickness ol which, at the parts immediatcl} below' the crown of the inverted 
arches, is 2 feet in the small towers, and 2 feet 6 inches in the larger ones. 

Ill those tow'crs, which had annular arches, the joists, that supported the 
floors, were generally laid diverging from the cciitrai jiicr like radii, and 
tliey were forked near their outward exlrciuitics, a siiorter joist being 
bolted to each ot them, in order to reduce the intervals there, which 
otherwise would have been too great. This method of flooring being 
troublesome in cxeciilion, joists laid parallel to each other, according to 
the common method, and partly supported by an intermediate lucr wall, ‘ 
corresponding with the diameter of the interior circle, might be used iii 
such towers to equal advantage. 

All the towers, which have been described, bad reservoirs, some under 
the floor of the lower story, others in leaden tanks jilaced in one of the 
store rooms. Their terraces had a proper slope with gutters and pipes to 
convey the rain water down into the tanks, whicdi were pro\ided also with 
waste pipes to throw out superfluous Avatcr, when sutliciently full. The 
tanks were not intended to be used on cuniinoii occasions, for which reason 
wells were cut near the towers, particularly in the ditches of those which 
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from 8 inches to 1 foot square, with one end resting on the ground, 
whilst the other leans against the upper part of the interior revet- 
ment of the parapet of the magazine, which being composed of 


had counterscarps. In addition to a principal tank containing about 800 
gallons, there was a smaller tank, in each of the large towers, capable of 
containing about 450 gallons; which was allowed for daily use, and was 
replenished when necessary from the well outside. In these towers there 
was a pump in the upper story, and other conveniences for drawing water 
from the w'ell, and either discharging it into the expense tank, or raising it 
from thcncc. 

The whole of the towers had banquettes, of hard stone, about 1 foot 
6 inches wide, and from 1 foot 6 inches to 1 foot 9 inches high. I'he f(»re 
trucks of the traversing platforms of the lighter pieces of ordnance, when 
such were used, commonly rested on these banquettes. 

In some of the second rate towers, in addition to one long heavy gun, 
mounted on a common traversing platform, the pivot f)f which was fixed in 
the center of the terrace, one or sometimes even t\^o carroimdes, or 
howitzers, w^ere fitted up with traversing platforms of u i)ccijliar con- 
struction, so contrived, that these and the former traversed b> means of the 
same pivot, and yet could fire in the same direefion nearly, 'riiis system 
ivas not however found convenient, for when guns arc so mounted, the 
recoil of one is alwa 3 s liable to impede the manoenvres of another. It has 
therefore since lu'cn laid down as a nilc, that whenever more pieces of 
ordnance than one arc used, each of them should have its own distinct 
pivot, with siiflioient room to traverse independent of the others. 

The doors of the towers seldom exceeded 6 feet 6 inches in their great- 
est height, or 3 feet 6 inches in their greatest width, some of them being 
much smaller. In ease of attack, it was intended, that they, arul a part of 
the* whole of tlie window's, should be blocked up with sandbags, which 
therefore formed an article of store, earth being also provided for filling 
them, when rccpiircd. With a view to this emergency, in the three last 
described kind of towers, numerous air-holes were cut, not only in the 
lower, blit also in the upper story. 

It will easily be conceived, that although the general and most important 
dimensions of martello towers may be fixed by brief tlescripfions, such as 
th(»so which 1 have just given, there arc many lesser details not to be 
understood, without more ample explanations, illustrated either by a number 
of appropriate drawings, or by a modti. I shall conclude by observing, 
that guns may not only be mounted on the terrace, but also beliind case- 
mated enibnisnres in the upper story of lowers, if it were judged necessary, 
and this practice has in some few cases been actually adopted. 
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earth of proper height and thickness, covers it agaipst direct shot 
frum the enemy’s guns. By this construction, as tlie above beams 
are laid nearly at the same angle of inclination, at which an enemy’s 
shells must necessarily descend in falling, any shell that strikes the 
roof of the magazine, will glance off w ithout penetrating into the 
body of it. But in field redouts, if this construction vrere fob 
lowed, in building the necessaiy powder magazines, they could 
not always conveniently be made spacious enough to contain the 
whole quantity of gunpowder required ; and therefore they are some* 
times formed with a double set of beams, sloping on both sidlss^ 
and meeting in a ridge at top, like the roof of a common dwelling 
house. 

When this last described method of constructing a field powder 
magazine is follow'ed, it will bq evident, that sliells cannot possibly 
be glanced off by botli sides of the ridge. In falling upon one of 
the sides, they may strike the beams perpendicularly, or nearly so. 
None, therefore, but very strong sound timbers should be used in 
this case, which should be connected by proper braces, and others 
wise put together in a substantial manner ; and they should after- 
W'ards be covered by several feet of earth, without which they can- 
not by any means be considered secure. In order that field 
powder magazines may not be too conspicuous, they are, in diy 
soil, always sunk some feet below the surface of the ground, and 
the rain water is prevented from entering them, eitlicr by a cesspool, 
occasionally baled out, which is sufiicient in a common open bat- 
tery ; or by a drain, communicating from the magazine to the ditch 
of the work. This drain, in a redout or inclosed work, usually 
passes under the gate or entrance. 

A very extensive use of woodwork, even in permanent fortiff- 
cation, has been recommended by some authors, who propose that 
bombproof casemates, and crenneled counterscarp galleries, should 
be formed thereof. If this suggestion were followed in practice. 
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tbe roofs of the said casemates and galleries may be composed of 
strong beams laid horizonially or nearly so, properly supported by 
uprights at certain intervals ; and the greater the depth, that can 
conveniently be given to the woodwork of the roof, as well as to 
the superincumbent mass of covering earth, so much the stronger 
will these timber bombproofs be. It is to be remarked, how- 
ever, that this construction can only with propriety be recom- 
mended for immediate use, in fortifying a well w'ooded country 
under critical circumstances ; for as caseinates and galleries must 
necessarily be covered with earth, the woodwork will decay, in a 
much shorter time than tliat of a common building: so that, 
upon the wdiole, masonry is preferable, as being eventually a 
cheaper material. 

In fortresses not provided with proper casemates, temporary 
bombproofs are often hastily constructed in case of a siege, by 
choosing some part of the revetmeuts, which are not exposed to 
the effect of the enemy's batteries, and sotting up strong timbers 
against them at an angle of about 45^. Thus are formed a kind 
of sheds or huts for the reception of the men, who arc not on 
duty; the section of w'hich is triangular, and which are usually 
called sPLiNTEiiPUOOF ACCOMMODATIONS, bocause they are 
more likely, by reason of their slope, to be struck by the fragments 
of a shell after it bursts, than by the shell itself in fulling. 

A BLOCKHOUSE signifies a defensible barrack, formed or 
woodwork, which is generally armed w'ith guns on its upper story, 
being always made at least two stories high. The walls are built 
of strong timbers not less than 1 foot thick. The upper story 
should project about .S feet, the whole of which projecting part 
should have vertical loop-holes, cut at proper intervals, to serve as 
a continued niachicooly for defending the foot of the building: 
these loop-holes to be covered by shutters, except when actually 
used against an enemy. Both stories are also usually creimelcd, 
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fare being taken^ that the lowest tier of loop-holes shall be cut at 
such a height^ that an enemy, on advancing close to the bottom 
of the building, shall not be able to see into the interior, and fire 
conveniently upon the defenders, by means of their own loop-holes : 
a rule, which it is, however, proper to state, is not confined to 
blockhouses alone, but should be attended to in every kind of 
crenneled defensive work.’^ The foundation of a blockhouse 
should be of brick or stone, built substantially, and carried up 
some feet above the surface, whenever the proper materials are to 
be procured, and there is no pressure for time. A flat roof, pro- 
perly secured against wet, and inclosed by a musquet proof timber 
parapet, is the best kind of covering that can be adopted for such 
buildings. 


Loo[>-holcs arc usually made uarrowesl inside, this being generally 
eonsidf^'i'cd the Ix'st TTictliod of eonstriictiiig them ; bnl in reality it seldom 
makes aii> great dill’ereiiee in tlie use of them, on what side they :^play. 
If tlHTcfore lh<nr height is eijiial, on both sides of any crenneled work, 
it will be <)b\ious, tlial the enemy’s troops from without, as sunn as they 
reach ihe fo(it of the wall, may take an equally good aim, through the loop- 
holes, and with e<(iial ctl'cel, against the gariison of the work, as the latter 
ran d(j in defeiidiiig it. Consequently the assailants, by superiority of 
numbers, ma} tbi<c a work eoiistruetcd to surrciuler, even without 
penetrating into it. J'or this reason, lo(»p-holes should cither be eon- 
strueted, dose to the surface of the exleiior ground, like those of the 
easemated caponier, J'e|)resciitcd in the second figure of page 384 ; or their 
soles should he raised at h'ast 5 feet 6 iiiehes above that level. In a Idock* 
house or (bd'eiisible building, not provided with strong interior partitions, 
this precaution is more essential^ necessary, because it will be e\ideiit, 
that if ail enemy can eoiiveiiieiith lire into the looj>-holes, they will he able 
to lake one part of the didenders in reverse, whilst they oppose the others 
ill front ; so that, even with equal numbers, they must have the Hd>autage. 
|ii the crenneled eouiilersearp galleries of works, whoso ditches arc projwrly 
Hanked, it is of less importance on what le\ el the loop-holes are placed, 
allliough it is always desirable that the above rule sliouJd bo attended to, 
wlien cireiuiislanecs wdll pemiit. Jl is the same eonsidcratioii, wliich ren- 
ders the dnip belore a easemated battery, absolntel} necessary, whenever 
flic embrasures are pbeu'ed low. 
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The guns im blockhouses are fitted up ^vith breech lashings, 
tackles, &c. on the same principle as on board ship, and may 
also be placed at the same intervals apart, in proportion to their 
nature. Carrpnades are more commonly mounted in blockhouses, 
than long guns. Generally speaking, about 12 feet per gun, is 
sufficient, so that for example a blockhouse of 50 feet square may 
have four embrasures or portholes for cannon, on each side 
of it; it being observed, however, that when two adjoining sides 
of a blockhouse are engaged at tlie same time, one of those two 
guns, M’hich are nearest to the angle, must remain inactive, as it 
cannot be fired without impeding the manoeuvres of the other. 

It will of course be readily understood, that blockhouses have 
not only the great disadvantage of being built of combustible 
materials, but arc also, from their construction, incapable of 
resisting a common field batteiy of equal force. Notwithstanding 
these defects, they may however, under many cirnimstances, be of 
so much use, as fully to justify the erection of them in those 
countries, in which their expense is trilling. 

There is another species of defensive w ork, which may be formed 
of timber, called an abbatis, the nature of which shall next be 
explained. 

A great number of trees arc cut down, and placed iii any given 
allinement, with all their trunks inwards, and tlie branches pointing 
outwards, the smallest and weakest of w'hich are previously lopped 
off. It may easily be imagined, that a sufficient number of trees, 
put together in this manner, even loosely in the open field, will 
form a very serious obstacle to an enemy’s troops : but to add to 
the strength of abbatis, it is usual to construct an earthen parapet 
and banquette for infantry, immediately in rear of the trunks of 


• The term “ porthole or port’' is applieil to a rectangular embrasure cut 
through woodwork, as for c\auip{e in .shi)»s of war. 
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tke trees, a part of which may be buried in the said parapet, so as 
to increase the solidity of the work. 

Abbatis, although effectual agrinst an attack by infantry, may 
be greatly injured, and in a certain time rendered unserviceable, by 
the fire of sirtillery. It is therefore common, when they are 
employed in the strengthening of earthen works, to place them in 
dry ditches, or in other situations covered from direct cannon shot. 
AVhen an abbatis is constructed in a ditch, the trunks of the trees 
which compose it, may be fixed some feet in the ground, like 
palisades, and the general line of the whole may incline outwards, 
at an angle of about 45^, instead of being placed horizontally or 
nearly so, as in the former supposition. 

Although abbatis, and the various other timber works, which 
have just been described, are jnost commonly used in temporaiy 
fortification ; it was judged proper not to omit them here, because, 
in cases of emergency, they may often be applied, with equal 
propriety, to improve the defences^ or to remedy the existing 
defects, of works of permanent fortification. 


CHAP. XXIV. 

OF THE STRENG'ni OF REVETMENTS, AS OPPOSED TO 
THE PRESSURE OF EARTH.— VAUBAN’S GENERAL PRO- 
FILE ANALYZED.— SLOPING REVETMENTS, RECTANGU- 
LAR REVETMENTS, AND COUNTER-SLOPING REVET- 
MENTS, COMPARED.— OF DEMI REVETMENTS OR PAR- 
TIAL REVETAIENTS: AND OF LEANING REVETMENTS. 

I shall now explam the principles, which ought to be kept in 
view, in fixing the dimensions of the revetments of a fortress. 

It has already been stated, that they should be of a cerfiun 
height, in order to render it difficult for an enemy to take them by 
escalade. In determining their thickness, one of the principal 
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considerations is, to give them sufficient strength, to resist the 
great pressure of earth and rubbish, acting against the back of 
them, which has a constant tendency to overset the wall, and throw 
it forwards into the ditch. 

Draw two sections of the rampart of a fortress, of equal height, 
making tlie revetment, in one rectangular, but in the other, let it 
have a slope in front, in the usuiil form ; and let the base of liic 
rectangular revetment be equal to tiie mean thickness of the sloping 
one : that is to say, let it be equal to cue half of the thickness at 
top, and of the thickness at bottom, of the sloping revetment, 
added together. 

Let the top of the revetment, and the foot of the interior slope 
of the parapet, be upon tlie same level, in both sections ; and let 
the rampart and parapet be of the same dimensions, in both. 

From the back of the base of each revetment, draw a dotted 
oblique line, a c, meeting the upper part of the rampart, and 
sloping ill tlie proportion of 1 to 1. In one of the sections, only, 
from the same point, draw another oblique dotted line, a e, at a 
smaller slope. Mark the back of the top of each revetment by 
the letter, b, and the bottom of the front of each by the letter, d ; 
and dot the base of your parapet in both figures.’^ 



* In the succeeding parts of this chapter, a revetment continued up to 
the level of the base of the parapet, in the manner represented in these 
figures, shall be called a full revetment, altljoiigii there may not always be 
a small exterior parapet-revetment above it, which is generally supposed to 
be the case, when the above term is used, at least if nothing is specified te 
the contrary. 
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It was stated, in a former part of this book, that earthen works^ 
unreveted, cannot possibly stand perpendicularly, but must be 
formed with a certain slope, in order to insure their durability ; that . 
the looser kinds of earth require a greater slope, in proportion to 
their height, than stiff earth ; and that, on an average, it has been 
found, that earth of a middling tenacity requires a slope of about 
1 to 1, such as was represented in 3'our figures, by the line, ac, 
to enable it to stand in a permanent form, for any length of time. 
Let us suppose that the ramparts, of which we have drawn the 
sections, are composed of earth of this last mentioned quality* 

Then it must be evident, that, if there were no revetment, the 
whole of the earth of that part of each rampart, which is in Tront 
of the dotted line, a c, would be liable to fall ; because it is partly 
peq^cndicular, and even if yoq were to slope off any portion of 
it, from the point, a, in the form, a e, for instance ; such a slope 
would still be less than the proper or natural ''lope, a c, which, 
according to our supposition, is the smallest slope that will enable 
earth of the above quality to stand, or preserve its figure for a per- 
manency. 

Consequently the whole of that portion of the rampart, which 
is represented by the triiingle, a b c, being supported in an unna- 
tural position, may appear to press as a dead w^eight against the 
back of the revetment ; and to this pressure a considerable addition 
must be made by the weight of the parapet, which also derives its 
sole support from the revetment, as will appear equally evident, 
by inspecting either of the figures. 

The point, d, at the foot of the revetment, being on the level of 
the bottom of the ditch, is supported by the mass of ground in 
front of it, against the pressure in rear ; and cannot be forced from 
its place. No other part of the revetment is so supported, and 
therefore, the tendency of the pressure of earth from behind is to 
overset the wall, by throwing it forwards upon the point, d, as on a 
pivot or fulcrum. 



m ELEMENTARY FORTIFICATION, chap.xxit. 


As far as regards the difference between your two sectionsi it is 
to be observed, that by constructing the front of a levetmeut with 
a slope, the pivot is thrown more forward, whilst the great weight 
or mass of the masonry, or in other words the center of gravity of 
the wall,* is kept more backwaitls, than would be the case in a 
rectangular wall, containing the same quantity of materiab. The 
mass of masoniy, contained in a sloping wall, does tlierefore resist 
the pressure of the earth behind it, with a longer lever, than could 
#»e done by the same mass, contained in a rectangular wall of equal 
height ; and consequently, according to tiie principles of mechanics, 
the former is the strongest of the two. 

For this reason, exterior slopes have almost always been con- 
sidered proper, not only for the revetments of fortresses, but also 
for retaining walls, in civil works. * '^Tlie more early modern engi- 
neers usually gave their revetments a slope of one fifth. Afterwards 
one sixth was more commonly used. Latterly, it has, by many, 
been considered best to reduce it to a still smaller proportion* such 
as one eighth, one tenth, or one twelfth; and some writers of 
reputation have even recommended, that the slope should be sup- 
pressed altogether. 

The reason urged Is, tliat the seeds of vegetable matter, which 
seldom or never affect a perpendicular surface, generally insinuate 
themselves into the joints of sloping walls ; where they take root, 
and by degrees ruin the face of the masonry. This remark may 
be proved, by daily observation, in the horizontal or sloping parts 
of common garden walls, 8cc. ; and it has actually been found, that 
the revetments of fortified places, when constructed with great 
slopes, such as one fifth, are liable to considerable external injury 
from this cause, so that they require new pointing and facing, from 


* For various useful propositions, relative to tho center of gravity of 
bodies, see Dr. Hutton’s Course of Mathematics, Vol. 11* 
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time to time ; a mode of repair^ which never unites well with the 
body of the original work. 

In practical arts^ the surest rules are always derived from expe- 
rience. Having noticed the general principles, according to which 
the strength of revetments ought to be regulated ; I shall therefore 
proceed to state the actual dimensions, used by Vauban, who was 
employed in the construction and repairs of a very great number of 
fortresses ; and whose walls are not, in any case, said to have failed. 

He gave all his revetments an exterior slope of one fifth ; and 
made them uniformly 5 feet 4 inches thick at top ; so that their 
thickness at bottom would of course vary, in proportion to. their 
height. He always used diminished counterforts, making their 
breadth at the tail, two thirds of their breadth at the root ; and placing 
them at central intervals of from 15 to 18 feet apart. For a revet- 
ment 10 feet high, he allowed a counterfort 4 feet long and 3 feet 
wide at the root. For every additional 5 feet ot Height given to the 
revetment, he made his counterforts 1 foot longer, 6 inches br ader 
at the root, and 4 inches broader at the tail. The general profile, 
thus regulated, will afterwards be more particularly explained by 
the first table of revetments (See page 501). 

Vauban almost always constructed his ramparts with full revet- 
ments, surmounting the common scarp revetment by a small exterior 
parapet revetment. Draw therefore a rampart in that form, adding 
a dotted line, as in your last figures, to represent the natural slope 
of common earth, and let the point, where this line meets the 
upper part of your rampart, be marked by the letter, c. Mark 
the bottom of the revet- 
ment by the letters, a d, 
and the top of it by the 
letters, b e. Mark also 
the parapet by the let- 
ter P. 

Tlie solidity and weight of the scarp revetment, in Our present 
VOL. II. K K 
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figure^ will be represented by the area of tlie figure^ abed; whilst 
the weight of earth, acting upon it, will be represented by the area 
of the triangle^ a b c, added to that of the earthen part, P, of the 
parapet.* 

If we suppose tiie small exterior revetment of tlie parapet to be 
S feet thick, and the total thickness of the parapet, at top, to be 18 
feet; there will remain 15 feet, for the thickness, at top, of the 
earthen part of die parapet. Let us further suppose, that the 
parapet has an interior slope of one third, with a dip of one sixth 
of its thickness ; then the exterior height of the earthen part of the 
parapet will be 5 feet. This number will also express the interior 
height of the small parapet-revetment ; the exterior height of which 
will be 4 feet 6 inches. 

Assuming these dimensions, the area or superficial contents of 
the earthen part of the parapet, P, will be 103*125 superficial feet; 
and the area of the small exterior revetment of the parapet will be 
14*25 superficial feet, in all cases, whatever the heiglit of the revet- 
ment may be. The contents of the triangle, a b c, will \ary accord- 
ing to the height of the revetment. Let us suppose, for example, 
that the said height, represented in our figure by the line, a b, is 30 
feet ; b c will also be 30 feet, because the slope of a c is supposed 
to be in the proportion of 1 to 1 . 'ITie area of the triangle, a b c, 
will therefore be equal to half the square of 30, that is to 430 
superficial feet. Add this number to 103*125 the area of the 
earthen part of the parapet, before found, and the sum will be 
553*125 superficial feet, which will represent the total quantity of 
earth, pressing upon the revetments. 


* Generally speaking, this applies to all the heights iiiukI commonly used 
for revetments ; but if the height is much less than usual, as for instance, if 
a b is supposed to be less than 15 feet ; then a part only of P must be 
included in the pressure, because the dotted liuo, a c, will not fall in rear of 
the parapet, but will cut off some portion of it, in the manner represented 
biji the line, ae, an the first figure given in this chaptt r. 
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By referring to the first table of revetments, you wil] find that the 
bfiean thickness, of one of Vauban’s scarp rcvetnu nU.. ';o feet high, 
is 8 feet 4 inches. Multiply these numbers together, and the product, 
^50 superficial feet, will represent the total quantity of masonry in 
the scarp revetment of your figure. 

The quantity of masonry in one of Vauban’s scarp revetments, 
supposed to be 30 feet high, is therefore to the quantity of earth, 
pressing upon the back of it, as 250 to 553* 1£5, or as 45^ to 100 
nearly. But as we do not learn, that he ever dispensed with coun- 
terforts, in his scarp revetments, the above cannot be considered 
as the true proportion, between the quantity of masonry and the 
pressure of earth, in that Engineer’s profile. We must therefore 
calculate, and add in a certain proportion, for the contents of the 
counterforts ; and we must alscr take into consideration the small 
exterior revetment of the parapet, before we can arrive at a true 
conclusion. 

In a revetment .30 feet high, the length of Vauban’s counter- 
forts, according to the Table, is 8 feet, and their mean width 
4 feet Q inches. Multiply these three dimensions togetlier, and 
you will find a result of 1000 cubic feet, for the solid content of 
each counterfort. 

Vauban’s counterforts are placed from \5 to 18 feet apart, 
according to circumstances. Their mean distance fn m center 
to center may therefore be considered equal to lOj feet. An 
additional mass of 1000 cubic feet oi masonry being there- 
fore added to every sixteen feet and a half, in length, of the 
revetment; if you divide 1000 by l6j, tiie quotient is OO-GoG 
superficial feet; which will represent the mean quantity of masonry, 
added to the area of the revetments in general, by the coiaitcrforts. 

.Again, if the above result is divided by 30, the height; the 
quotient will be 2*0^02 or 2 feel 0.1 inch nearly, which shows the 
mean thickness, that w'ould be added to the revetments, by the 
total quantity of masonry, contained in the counterforts ; if, 

K K 2 
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instead of being built in that forin, it were applied to the back of 
the scarp revetment, in one continued mass.*' Adding therefore 
S feet 04 inch to 8 feet 4 inches, which, according to the Table, 
is the mean thickness of masonry in one of Vauban’s revetments 
30 feet high, the sum will be 10 feet inches, and this will 
represent the mean thickness of a wall 30 feet high, supposed to 
be built without any counterforts ; and composing a mass of 
masonry, equal to the whole of that, which is contained in Vau 
ban’s scarp revetment and its counterforts, added together. 

It was before stated, that the quantity of masonry, contained in 
the scarp revetment of our profile, is represented by 250 super- 
ficial feet ; that the mean quantity of masonry, added to this by 
the counterforts, is 60'606 superficial feet ; and that the quantity 
of masonry, contained in the small exterior revetment of the para- 
pet, is 14*25 superficial feet. These numbers, added together, 
amount to 324*856 superficial feet, which will consequently repre- 
sent tlie total quantity of masonry, employed iu oue of Vauban’s 
profiles, SO feet high. 

The proportion, therefore, between the quantity of masonry and 
the pressure of earth, acting upon it, in one of Vauban’s profiles 
of the above height, will be as 324*856 to 553*125 ; or as 58*731 
to 100 nearly. 

Upon similar calculations, has been formed the second Table of 
revetments, which is a kind of analysis of Vaubaii’s general Profile. 


* Rule. I'o find the mean thickness of masonry added to any profile by 
the counterforts, by a shorter method. Multiply the of the coun- 

terforts by their trieau width, aud divide the product tlicir distance from 
center to center. 

Thus for example, in Vauban’s scarp revetments, 30 feet high, multiply 
8 the length of the counterforts, by 4 feel 2 inches, their mean width ; and 
the product 333 feet, divided by 16 \ feet, the moan distan(*e of the coun- 
terforts from center to center according to the Tabic, will yield a quotient 
€>f 2 feet OJ inches nearly as before. The longer method, given in the 
text, was merely inserted for the sake of clearness, it being more expla- 
natory. 



TABLE I. 

Dimensions of V vLuhinCs General Profile for Full Scarp Revetments,' 


VAUBAN’S GENERAL PROFILE. 501 






> S fs ^ 

lllil 

"S c* "S 
S.S S 

li-S . 

I* Si: s 

^2 g*fc, 5 
so J3 (B S CB 

a 2 i 6 . ^ 

I Sj 2 2 

— s Cu ^ 



^ O 1.9 

* 3 '" 

2 ± = ¥*S 

IISS. 

sj. 

=3 g>|.|§ 

».S 2^1 jg 

'll 

s 


11111 


TABLE II. 


503 




s: 

S 


VD 




Bi 

S3 

S 

c 


hO 


•IJisdiuvi jo pjc^ Sura 

-QIU QUO U1 p9U113^U03 

Xiaosvoi JO 8p4«.^ 

Cubic Yards. 

9-293 

20-573 

26-650 

36-095 

45-657 

56-533 

82-559 

114-849 

154-075 

200-909 



-qiiva JO oinssojd oqj 

0} Ouostjm JO X)fja«nb 
[Bjoj oqj JO uoiijodojj 

< 

oocepppooe 

poooeoopoo 

BSBSssaasB 

»ftcopf^or^e=i«©i-< 

oDtHr-obf-b^^^^ 

O P iS i(9 ift kO lO nb tO 

•8)U3UI)3Adl aqi no i?UI 
-SS04(1 q|JC3 JO Ai()Ui!n5 

9 

it. 

C 

«s 

0. 

£i. 

s 

a. 

kO kA kA lA kA lA lA kA kA 
kA Cl (N A1 Al Al At Al Al 

At « kA W lA « « « rt W 

■«f O »-* kA •- © *A O k.A © 

-H«rJ*kAt^©W©iA« 
rH H d © 

'J3q|d)i0) 

poppv «iioj4a(Uiioo 
pun svi3ur;d.va4 ladcjud 
pan dj«o« oqi iri iCjaos 
-Bui JO .(jijanub jwjox 

T 

is 

(3 

0; 

_«C _ 

^©pp©»A»^:f© 

•TkAkAkA»H©fiO^C»W 

PrtPttai^opPfH 

WkACi'i*6aort©©« 
©«WAI^C»f«©© 
^♦1©^ ©!>©«© 
fH 

•jotftjjnd ofjj JO ju.)ui 
-jo\04.rou3i\o ijnuis oqj 

If! .C.nios«ui JO \jijUHti5 

£ 

w 

1 

kA © lA kA kA lA © kA © kA 

(N Cl Al Cl IN W W tl Cl Al 

’{;j40|jo)iinoo oqj ui iCjiios 
-nm JO Ajijucnl) unoj\[ 

1 

C 

tc 

s. 

a. 

9 

Vi 

©cicicod^i*^© 
C-fr*oo^ci©©r* 
ocii-©©w*HW9ci 
p c 6 H Cl 6 © r* 

CI«©OCl^©OCI 
i-< W © kA 

•juaiujdA.u dims oqi 

UI ^iiioHiiUi JO 

1 

I 

c 

CAPW©©«POWP 

i©p©o©©po©© 

©9©9i7i©99©9 

w p kC b © © © © w cc 

©Tf©kA©r-!-i©©p 

ri**-CI««kAP«© 

f-^ 

‘4jqv)Soj p jppT! KJ lOJ 
-431UII03 pun JIIOUIJOAOJ 
djnjs oqi oj jmibo 

V JO ssauqatqj uuop^ 

J 

0 

s 

1 

-♦:» H-t '-l■t 

•Mpo^^^r^Pi-^kA 

fH 

6 

8 

0 

10 

11 

12 

14 

17 

19 

2-2 

*9Ud(a|dA84 djiioif! 

«r 

O 

J3 

& 

S 

: 4 

: 4 

: 10 

: 4 

: 10 

: 4 

: 4 

: 4 

: 4 

: 4 


*9Ud(a|dA8J (IjiiOf; 
dl[| JO 8S3n7|3iq| UC9|\[ 


?5r^i>oococBOiHe<rt 


1808-189 *1 3303-125 54-741 to 100 200 909 















VAIIBAN’S GENERAL PROFILE. 50$ 

Tlie last column in the second table^ which states the quantity 
of cubic yards of masonry contained in one running yard of ram- 
part, has been added for the purpose of enabling the reader to 
form an expeilitious estimate of the average quantity of masonry 
required for the scarp revetments of a fortress of any extent. 

For example,- by referring to the first Table in Chap. XVI, (See 
page it will be found, that the length of the outline of a front 
of fortification of S84 yards exterior side, with a perpendicular of 
64 yards, and faces of 1 10 yards, is 482*6 yards. If we suppose the 
fortress to be a hexagon, the above number, multiplied by 6, gives 
2895*6 for the total length of the scarp revetments of the miuii in- 
dosure, in yards. But if the walls are 30 feet high and constructed 
according to V auban's general profile, there will, by the second table 
of this chapter, be 36*095 cubic yards of masonry in each running 
yard of rampart. Multiply, therefDre,‘the numbers 2895*6 and 36*095 
together, and after striking out superfluous decimals, the product 
wifi be 104,5 16 nearly, w hich shows the total number of cubic yards 
of masonry, that will be required for building the w^hole of the scarp 
revchnonts and counterforts of the body of the place of the sup- 
posed hexagon, according to the said profile. It w ill be evident, that 
a similar combination of the various tables, contained in Chap. XVI, 
and in our present chapter, may be easily applied to a great variety 
of other cases ; and therefore more examples may be deemed 
superfluous. 

Some writers 011 fortification, in treating of this part of their 
subject, have laid down as a rule, that the scarp revetment alone, 
without the assistance of counterforts, should, in all cases, be in 
exact equilibrium with the pressure of earth nearly; and just 
capable of resisting it. And that, after this point is determined, 
counterforts should be added, also bearing some invariable pro- 
portion to the pressure, in order to insure the durability of the 
walls, and to give them, at all heights, a certain fixed prepon- 
derancy over the force which acts upon them : so that the strength 
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of the total mass of masonry shall, in every part of the fortress, be 
greater in the said proportion; as, for instance, that it shall be 
greater by one half, or by one third, than what is absolutely and 
barely necessary for resisting the pressure. Reasoning on the 
above principle, many authors have censured Vauban’s general 
profile, as contained in the foregoing tables, alleging, that his 
revetments, in low profiles, are unnecessarily strong : but that, in 
high profiles, they are a great deal too weak, in proportion to the 
pressure of earth acting upon them. 

For example, by referring to the last Table, you will find, that 
in walls QO feet high, the masonry contained in Vaubaii’s scarp 
revetment is to the pressure of earth, as 146 666 superficial feet to 
S03‘ 125, or as 48\S85 to 1(X) nearly : whereas in walls 80 feet high, 
the proportion of the masonry contained in his scarp revetment is 
to the pressure of earth, as 1066*666 to 3303*126. or as :32*29C to 
100 nearly : die revetment being stronger by about one half, in pro- 
portion to the pressure, in the former case, than in the latter. 

Again, by further examining Vaubaii’s general profile, it will 
appear, that there is no fixed proportion betw'een the strcnglli of 
his scarp revetments and that of his counterforts : for in his low 
profiles, the mass of masonry, contained in the former, bears a 
much greater proportion to that, which is contained in the latter, 
than in his high profiles; and in no two dificrent heiglits is it the 
same. 

For example, in walls 10 feet high, it appears by the second 
table, that the scarp revetment is to the counterfort, as 63*333 
superficial feet to 6*06, that is to say, the revetment is more than 
ten times greater than the counterfort. In vvalis 20 feet high, the 
scarp revetment is about six times greater than the counterforts : 
in walls 40 feet high, it is about three times greater : in walls 6Q 
feet high, it is about twice as great; but in walls 80 feet high, 
the scarp revetment is only greater, by one half, than the coun- 
terforts. 
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As Vauban must, therefore, have acted upon quite a different 
principle, from tliose, who recommend that the revetment and the 
counterforts shall, in all cases, bear nearly the same given ratio to 
each other, whatever the height may be : it seems by no means 
fair, that these authors should decide upon the merit or strength of 
his general profile by their own rules,* in the manner before men- 
tioned. We are not informed, that, in any instance, that Engineer 
ever built his revetments without counterforts ; and therefore the 
only just method of judging of the strength of his walls, is to 
consider his revetments and counterforts not separately, but as 
combined together, and forming only one and the same mass, 
which is always the case in reality, when the masonry is good. 
And if the subject is thus considered, V^auban's general profile will 
not appear to be so very inconsistent wdth itself, at different heights, 
as is pretended by the writers before alluded to. 

For example, by the second tabic, it will be seen that in w^alls 
of from ^20 to 35 feet, which comprehend the heights most gene- 
rally used in the revetments of fortresses, the proportion of the 
total quantity of masonry in Vaiiban’s general profile, when com- 
pared with the pressure of earth, varies only between the ratio of 
Gl’083 to 100, and the ratio of 57*42 to 100, which difference 
is by no means considerable ; and even if we take those two 
ratios, given in the same table, which arc the most discordant with 
each other; the masonry of the one is only stronger in proportion 
by about one eighth, than that of the other. 

Still as there is a difference of ratio, at different heights, which 
although not very great, may certainly be considered as a defect 
in Vauban’s general profile; it may be deemed best, instead of 
following implicitly the rules laid down in his tables, to adopt from 
gmongst the various ratios, used by him, that which is the least 
expensive, of all those whose strength has been fully proved by 
experience. Now it is well known, that Vaiiban’s revetments w’ere 
generally about 32 feet high, measuring from the level of the ditch 



500 ELEMENTARY FORTIFICATION, chap. xxiv. 


to the cordon, that is to say witliout including the small exterior 
revetment of the parapet. He may occasionally have made his 
revetments lower, but seldom or never much higher than the above 
dimension. We may therefore call fiO feet ihe average height. 
But by the second table, it appears that at the height of 30 feel, 
the total quantity of masonry in Yauban’s general proiile is to the 
pressure of earth as 58‘73l to iOO. Without regarding the ratios 
used by him, at other heights, greater or less than the above, this 
therefore may be assumed as a good proportion to follow in prac- 
tice ; that is to say, if at any height of profile whatsoever, we 
make the strength of our masonry to the pressure of earth acting 
upon it in the same proportion, namely as 38'731 to 100 nearly, we 
shall run no risk of failure. 

In some cases, however, it is to be observed, that Vauban admit- 
ted of a deviation from the proportions, stated in his general 
profile. If, for instance, the masonry used in constructing a for- 
tress, was of a bad quality, he recommended the thickness, at top, 
of the scarp revetment, to be increased to 5 feet 10 inches. If, on 
the contrary, the masonry was remarkably good and strong, he 
then allowed 4 feet 10 inches only, for the thickness, at top, of 
his scarp revetment ; which is 6 inches less than the dimension laid 
down in tlie tabic. In some of his works, the small exterior 
revetments of the parapets w ere either dispensed with, or after- 
wards pulled down; and yet no failure ensued. Supposing all 
these diminishing circumstances to take place in a revetment of 30 
feet high, and that the counterforts are built at intervals of 18 feet 
from center to center, which we are told was the practice most 
commonly followed by Vauban; then instead of the proportion 
laid down in the table, the total quantity of masonry of such a 
proiile would be to the pressure of earth as 290‘565 to 677*5, or 
as 50*311^ to 100 nearly. 

Moreover it appears, that other Engineers, who have subse-r 
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quently been employed in the construction of fortresses, whilst they 
adhered to Vauban’s general profile in other respects, have usually 
diminished tiie slope of their revetments from one fifth to one 
sixth, without making any addition to the thickness at top, on that 
account. In a revetment 30 feet high, this construction also 
diminishes the total quantity of masonry to the last named ratio ; 
and yet we do not hear that, in any instance, it has been found too 
weak. 

Upon the whole, it follows, that if the quantity of masonry in 
any profile is made to the pressure of earth, as 38*73 1 to 100, it 
will be peifcctly strong in almost all cases ; that in many cases, it 
may even be diminislied, so as to bear to the pressure a proportion 
of 30*312 to 100 : but it certainly w'ould not be prudent, in ram- 
parts coiiiposed..^f common earth, to make the revetments much 
weaker than^ c last named ratio, as w'e have not experience to 
guide u.^ and there might be a risk of failure.* 

Having so far explained the general rules, which ought to be kept 
in view, in the construction of scarp revetments ; we shall next 
proceed to treat of the rules, that apply to the counterscarp revet- 
ments of a fortress, and to the gorge revetments of outworks. 

Draw^ a fi^^ure to represent part of the ditch of a fortress, with 
the covered way and glacis in front of it ; introducing a counter- 
scarp revetiueiit, but without any counterfort. Mark the top of 
the said revetment by the letters, e b : murk the bottom of it by 


* I made use of the expression “ common earth,’' because there are 
some kinds of soil, on which a fortiess may he built ; such as chalk, &c. 
which will of themselves stand nearly perpendicularly, ami yet which it if 
proper to revet, lit such soils, revetments coiisiderahb' weaker, even than 
the last named ratio, might suffice, as far as the pressure alone is concerned. 
For these cases, no precise rules can be given before band, as they may 
admit of great variety ; and therefore much must depend upon the judg- 
ment of the Engineer employed. 
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the letters, d a; and draw a dotted line, a c, sloping upwards, in 
tlie proportion of 1 to 1, in order to mark the extent of tlie 
pressure of earth, acting against tlie back of the revetment. 



As the breadth of the covered way of a fortress is always con- 
siderably greater than the height of the revetment ; the dotted line, 
a c, must either terminate in rear of the banquette, in the manner 
represented in oiir present figure, or, at all events, it would only 
include a small portion of it. In counterscarp revetments, tlierc- 
fore, generally speaking, the pressure of earth may be, in most 
cases, represented by the triangle, a b c ; at least it can never 
exceed that proportioij, except in a very inconsiderable degree : 
and in the gorge re\etment.s of works, it may always be represented 
by the said triangle. Although neither the covered way of a for- 
tress, nor the interior of any other work, are ever made exactly 
horizontal ; we shall, in the present pan of our subject, suppose 
them to be so, for the sake of clearness, as the difference is usually 
very trifling, and therefore not worthy of notice, in the calculations, 
which arc now about to be made. Under this supposition, by 
reason of the nature of the slope of the line, a c ; the length, b c, 
will be equal to a b, the height of the revetment. 

The superficial contents of the triangle, a b c, will in all cases, 
tlierefcH’e, be equal to half the square of a b. Consequently, if 
we suppose our counterscarp revetment to be 20 feet high, the 
pressure of earth, acting* oo the back of it, will be represented by 
200 superficial feet 


By analyzing Vaubau’s general profile, we before came to a 
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conclusion^ that if the walls of a fortress, (counterforts included,) 
are to the pressure of earth| acting upon them, as 58*731 to 100, 
they will be sufficiently strong. To find the strength of masonry, 
necessary to support the eaitfi, in our present profile, we must 
therefore say, as 100 superficial feet, are to 58*731 ; so are 200 to 
117*462. Hie last-mentioned number, thus found, indicates the 
superficial contents of the profile of a revetment 20 feet high, 
necessary for supporting the pressure of earth of a simple terre- 
plein udtliout any parapets ; such as acts upon counterscarp and 
gorge revetments. 

4 

This point being determined, divide 117*462 by 20; and the 
quotient 5*8731, or 5 feet 10^ inches nearly, shows the mean thick- 
ness of a wall, of the above Jbeight ; which shall be equal to a 
proper counterscarp revetment and to its counterforts, also sup- 
posed to be of the same height, added togethei . 

In order to find the thickness, at top, of a sloping wall, con- 
taining the same quantity of materials, you must next deduct half 
the base of the given slope from the mean thickness. 

For example ; if you suppose the wall to have a slope of one 
fifth, the base of this slope, in a revetment 20 feet high, is 4 feet. 
Deduct 2 feet, which is one half of the above base, from 5 feet 
10^ inches, the mean thickness ; and the remainder 3 feet 10| 
inches will give you the thickness, at top, of a wall, having a slope 
of one fifth, and capable of supporting the pressure of earth of a 
simple terrepleiu without any parapet.’’^ 

Upon similar calculations has the following table been formed. 


* 5 feet lOl has been assumed in calculating the following table, a1thou«rU 
the real proportion falls a little short of that di?iiensj(>n. 



TABLE III, 

Dimensions of Counterscarp Rstetments, or others, intended to support Simple Terrepkins without Parapets. 
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The pressure of earth, in our last profile, is always represented 
by the right-angled triangle, a b c ; and this triangle having its base 
and height equal,* in all cases, no matter how high or how low the 
profile may be ; the said pressure is consequently represented, 
all possible heights, by figures similar to each other. And for this 
reason, the thickness and height of the walls, calculated in our last 
tabic, are in all cases in the same proportion to each other. 

In walls of fortification, on the contrary, which are to support a 
parapet in addition to the tcrreplein ; the figures, which represent 
the total pressure of earth, cannot possibly be similar to each other, 
at any two different heights ; because the parapet, which fonns a 
part of the above pressure, remains of the same invariable dimeu« 
sious nearly, in the highest as well as in the lowest profiles. For 
this reason, in scarp revetmentS| even although calculated on the 
justest principles, the mean thickness of masonry, and the height 
of the revetment, will never be in (he same pioportion to each 
other, at different heights. 

It was before observed, that the strength of masonry, in Vau- 
ban’s general profile, does not appear to be exactly proportioned to 
the pressure, in all cases : for this reason it was judged best to 
construct the last table, rather according to his practice than to hit 
theory; and therefore the dimensions, laid down in this table, 
which is calculated for walls without parapets, are, in high pro- 
files, stronger than those of Vauban’s general profile; although the 
latter has, in all cases, a greater pressure of earth to support. It 
is only in walls of 30 feet that they will be found nearly to 
agree, t 


* If the line, a c, had a different slope from what is supposed in the text, 
.the base and height of tlie triangle, although not equal, would be propor- 
fioual, ill all cases, so that tlic same result would still follow. 

t It was stated, that in many cases, in scarp revetments of 30 feet, the 
masonry had been found strong enough, when bearing to tlic pressure of 
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I shall here remark, that two advantages arise, in fortification, 
from the use of counterforts. In the first place, a wall built with 
counterforts has a greater base, and consequently more stability 
than another wall, containing an equal mass of masonry, but having 
no counterforts ; for, in the former case, the center of gravity 
of the whole mass of masoniy is thrown a great deal more back, 
than in the latter case, and therefore it resists the pressure of earth, 
which tends to overset it, with a much longer lever. In this view 
of the subject, it will appear that of two different counterforts 
supposed to be of the same height, and also equal to each other 
in solid contents; that which is the longest will be the most 
advantageous. 

Secondly, it is more difficult to effect a practicable breach, by 
means of battering guns, in a fortress, whose revetments are backed 
by counterforts, than w’hen there are none. 

In our last table, the dimensions of walls without counterforts 
only are given. But as this mode of building is not to be recom* 
mended, in works of fortification, 1 shall next state tlie method of 
determining the dimensions of revetments and of their counterforts, 
which, when added together, shall be equal to the above. The 
solution of this question depends upon such very obvious prin- 
ciples, that it may perhaps seem quite superfluous to offer any 
explanation of it. In conformity, however, with the general plan 
of this work, which has been to place eveiy thing in the clearest 
and simplest point of view, I judged it best not to omit it. 


earth a ratio of 50*312 to 100 only. If Table III. had been calculated 
according to this last-mentioned ratio, then the mean thickness proper for 
a revetment of 10 feet high, would have been about 2 feet 6} inches only . 
and the mean thickness, at any other height,' would have been in the same 
proportion. In a revetment 30 feet high, for example, the mean thickness 
ought, according to this proportion, to be 7 feet 6} inches. 
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ibraw a simple revet- 
taieat without any coun- 
terfort, in order to repre- 
sent the given wall : and 
mark the top and bottom 
of it, by the same letters^ 
be, ad, used in your 
former figures. 

The front of our given revetment may be supposed to have a 
8lope> but the nature of this slope, and indeed whether it has any 
slope or not, is of no importance in the following question. The 
only thing, necessary to be considered, is the thickness at top, b e, 
of the wail, which we shall suppose to be of any given dimension, 
such as 8 feet 6 inches, for instance. 

Let us next suppose, that after due consideration, we fix upon 
any dimension, rather smaller than the above, 6 feet for example, as 
the proper thickness at top for another proposed revetment, which 
is to be built with counterforts, in such a manner as to form, by 
means of the said counterforts included, a mass of masonry exactly 
equal to that of our given revetment. {See the next ^figure.) 

Upon the top of your given revetment, set off, from front to 
rear, a space, e f, equal to 6 feet ; and draw the dotted hue, f h, 
parallel to the back of the said revetment. 

This being done, the space, h f e d, will represent the dimen- 
sions, which are to be given to your proposed revetment ; whilst 
the remaining space, a b f h, the thickness of which is ^ feet 6 
inches {this being equal to the difference between 8 feet 6' inches 
und 6 feet\ will represent that portion of the masonry of your 
original revetment, which is to be thrown into counterforts, in 
constructing your new profile. 

Draw a new section, having the parapet, terreplein, &c. of the 
9 ame dimensions as in your former figure ; but let the revetment be 

▼OL. II. h h 
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smaller, making it exactly equal to the portion, h f e d, of your 
first revetment, and mark it in the same manner, but with capital 
letters, for the sake of distinction. 

TTie figure, H F £ D, thus drawn, will represent the revetment 
of your new profile proposed. It only remains to determine the 
size of the counterforts ; and these, according to the supposition, 
are to be equal to the mass of masonry, contained in the portion, 
a b f h, of your first revetment. 

The line, b f, being 2 feet 6 inches, as was above stated, the 
lengdi of each of the proposed counterforts may be made any 
number of times greater than the above, that may be judged con- 
venient, as for instance four times greater. 

In rear of the revetment of your new profile, you will therefore 
draw a counterfort, making it of the same height as the revetment, 
and 10 feet long, which is four times the length of b f. And in 
order to show, that it corresponds with the portion, a b f h, of 
your original revetment, mark it in the same manner, but with 
capital letters. 



Then, as the section of the counterfort, A B F H, in your 
second figure, is four times greater than the section of tlie portion 
of revetment, a b f h, in your first figure ; it will be evident, that 
whatever may be the width chosen for eacli counterfort of your 
new revetment, the distance from center to center of every two 
adjoining counterforts must be made exactly four times the above 
width I in order that the total mass of masonry, contained in the 
various counterforts of your new revetment, may be exactly equal 
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to that, which is contained in the continued portion, a b f b, of 
your original given revetment. 

For example, if we suppose our counterforts to be each 5 feet 
wide, which is a good proportion, then the distance item center 
to center must be exactly 20 feet, or four times the above thick- 
ness; which will leave an interval of 13 feet in the clear, betwedi 
every two adjoining counterforts. 

But if, instead of 10 feet, the counterforts had been made 7 feet 
6 inches long, which is only three times the length of die tine, b f ; 
and if we fuither suppose, that they had each been made 6 feet 
wide, instead of 5 : then their distance from center to center would 
require to be 18 feet, this being three times the width of one of 
these new counterforts. 

It will be unnecessary to add dny further examples, as it may 
easily be conceived, from what has already been said, that the 
dimensions of counterforts, and the intervals between them, may 
admit of almost infinite variety, without making any difference in 
the quantity of masonry, used in the construction of them. 

It was stated, that, for a reason before assigned, which seems 
founded upon just grounds, it has been recommended, that the exte- 
rior slope of levetinents should be greatly diminished ; and that some 
writers have even gone so far as to propose, that it should be 
entirely done away. In urging the above deviation from the com- 
mon system, they do not however intend, that their profile should 
become rectangular, or perpendicular in rear. On the contraiy, 
they recommend, that this new kind of revetment shall be built of 
the same thickness, both at top and bottom nearly, as laid down ia 
Vauban’s general profile; so that what the masonry loses in slope 
towards the front shall be tJaiisferred to the back of the wall. 
Tlie nature of this species of revetment shall next be taken into 
consideration. 

Draw two sections of gorge revetments of the same height, 

I. L 2 
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making the one rectangular ; but let the other have a slope in rear : 
and let the thickness of the rectangular revetment be equal to the 
mean thickness of the sloping one, so that the quantity of masoniy 
in bodi shall be equal. 

. Mark the rectangular revetment, by the letters, abed: mark 
the sloping revetment by the capital letters, ABED, and in 
both figures, draw dotted lines, a f and A f, in the usual manner, in 
order to show the extent of the pressure of earth. From the back 
of the base of the sloping revetment, you will also draw a dotted 
vertical line meeting the siurface in the point, b. 

Draw a third figure, similar to the second in every respect, 
excepting that the back of the slope, A B, must be dotted : in 
front of which, but near it and touching it, draw any convenient 
number of steps, and let the breadth and height of each step, be in 
proportion to the base and height of the slope, A B. 

Lastly, from those points, c, and C, in your tw^o first figures, 
which may represent the center of gravity of the masonry, drop 
dotted perpendiculars, meeting the base of their respective revet- 
ments, in the points, h and H. 



In the first of the above figures, the pressure on the revet- 
ment is represented by the triangle, a b f : whereas in the second 
figure, it is represented by two triangles, namely, by the triangle, 
A b f, which is equal to tlie former, and an additional triangle, 
AbB. 

It is to be remarked, that the slope in rear of the revetment, 
represented in our second figure, being of a contrary nature to that 
which is usually given to revetments in general, is called a coun- 
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TfiRSLOPs; and for the Qame reason^ the said revetment is styled 
A COUNTERSLOPING REVETMENT, by way of distinction.’*^ 

To return to ‘the consideration of our figures, if we suppose the 
lines, af, and A F, in each, to slope in the proportion of 1 to 1, as 
we have usually hitherto done ; then the line, b f, will be equal 
to the height, A b ; and as, by supposition, b B, in our second 
figure, is equal to one fifth of die height, it will, of course, also be 
equal to one fifth of b f. '^Fherefore, in the two trian^es, A b B, 
and A b f, the height of both being equal, and their bases being in 
the proportion of 1 to 5 ; the area of ihe small triangle, A b B^ 
will be exactly one fifth of the area of the larger triangle, A b f. 

Consequently, under the supposition, that the earth of our sec- 
tions win stand at a slope of 1 to 1, the pressure of earth upon the 
•loping revetment, ABED, wiU be greater, by one fifth, than 
that which acts upon the rectangular revetment, abed, supposed 
to contain the same quantity of masonry : and if the slope of the 
revetment in the second figure had been greater or less than one 
fifth, the additional pressure of earth, acting upon it, would also 
have varied in the same proportion. 

But it is io be observed, that die additional triangle of earth, 
A b B, which acts upon the couiiterslopiiig revetment, ABED, 
does not only press obliquely but also vertically upon the back of 
die wall, A B; whereas there is no vertical pressure whatever on 


* When any part of a work of fortification whatever is formed with a 
slope, contrary to the usual one, the same term “ counterslope’' is applied 
to it. Thus, for example, if the dip of a parapet were laid out towards the 
rear, so that the exterior crest of the parapet became the highest part of the 
work ; the top of the parapet would be said to be formed with a counter- 
slope; a method, which is sometimes followed in constructing mortar 
batteries. The soles of the embrasures of howitzer batteries are also fre- 
quently constructed with a counterslope. Carnot, a French El/agineer (more 
known as a revolutionary leader), in his late treatise on the defence of for- 
tresses, recommends a ceuntersloping glacis. 
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part of the rectangular revetment. And as all vertical or 
perpendicular pressures must evidently add stability, whilst oblique 
or lateral pressures only can tend to overset; it follows, that the 
triangle, A b B, may by its vertical pressure tend fully as much to 
strengthen, as it does by its oblique pressure to weaken, the 
counterslopiiig revetment, represented in our second figure. Con- 
sequently, although the total quantity of loose earth, supported by 
the rectangular revetment, is certainly considerably less than that 
which is supported by the conn tersl oping revetment, yet the actual 
force tending to overset the wall is by no means greater in our 
second profile than in the former : indeed it may most probably be 
somewhat less, for it is reasonable to suppose, that the mass of 
earth, A b D, must, in consequence of the natural power of 
gravity, press with much greater force vertically downwards, than 
in an oblique or lateral direction. 

It was before stated, that in w'alls containing an equal quantity 
of masonry, such as those of our present figures, the actual 
strength of each, in opposition to the pressure of earth, will be 
more or less, in proportion as the great mass or vveight of the 
masonry is thrown more or less to the rear. According to the rule, 
usually laid down, the strength of the revetments, abed and 
ABED, will therefore be in the same ratio, as those portions, 
h d and II D, of the base of each, which are in. front of the two 
points, h and H, where the said bases are intersected by vertical 
lines dropped from their respective centers of gravity, c and C. 

In the rectangular revetment, b d, will in all cases be equal to 
half the base or tliickness. In the countersloping revetment, on 
the contrary, the point, H, will vary its position, not only according 
to the slope, but also according to the height and thickness of the 
wall. We must therefore assume certain specific dimensions for 
our two revetments, before we can determine the relative propor- 
tion between the corresponding lines, h d, and H D« 

Let us suppose the height of each revetmei^t to be 90 feet, and 
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the thickness of the rectangular revetment to be 8 feet. As the 
other is supposed to have the same mean thickness, vi^ith a slope in 
rear of one fifth ; the thickness at top, B E, of the sloping revet- 
ment, will of course be 5 feet ; and its thickness at bottom, A D, 
will be 1 1 feet. Then, whilst the distance, h d, in the rectangular 
revetment is equal to 4 feet, it will be found, by calculation, that 
the distance, H D, in the countersloping revetment, will be equal 
to 4-1875 feet. 

Hence, on reducing tlie thing to calculation, it appears that the 
strength of the rectangular revetment, a b e d, is to that of the 
countersloping revetment, ABED, as 4 feet to 4-1873 feet, or 
as 24 to 25 nearly : so that the latter may be considered stronger 
than the former, by at least one twenty-fourth part. 1 use the 
expression at least,” because from the peculiar mode, in which 
the earth rests upon the back of the countersloping revetment, and 
which as before stated may be favourable to the stability of the 
masonry, it is probable that this profile exceeds the rectangular 
one, in proportional strength, by some ratio greater than the 
above. 

We shall next com[)are the strengtli of our rectangular revetment, 
abed, with that of a conitnon sloping revetment of the same 
height and mean thickness. The latter may also be represented by 
the trapezoid, ABED, in our second figure, with this difference 
only, that the earth shall now be supposed to press against the per- 
pendicular side of the wall, D E, instead of the sloping side, A B, 
and consequently whilst the strength of masonry of the profile, 
ABED, when supposed to be used as a countersloping revet- 
ment, was in proportion to the line, II D, its strength, if converted 
into a sloping revetment, will of course be in proportion to the line, 
A H, which will be found by calculation to be equal to 6*8123 
feet. 

The strength of the rectangular revetment, abed, which is sup- 
posed to be SO feet high and 8 feet thick, is therefore to that of a 
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sloping revetment, A B E D, of the same height and mean thick* 
ness, as h d to A H, or as 4 feet to 6*8125 feet, or as 24 to 41 
nearly ; that is to say, a rectangular wall of the above description 
is vreaker by almost one half, than a sloping wall of equal height 
and containing an equal quanti^ of masonry : and it was before 
shown, that it is also inferior in strength to a countersloping wall, 
under the same supposition. 

Those writers, who recommend the use of countersloping revet- 
ments, are of opinion, that instead of laying out the back, A B, in 
one continued slope, according to a right line, as in the second 
figure, it ought to be built with a certain number of steps or 
offsets, in the manner represented in the third figure. This form, 
they conceive, will greatly increase the power of resistance of the 
masonry, because they allege that, as the mass of earth, compre- 
hended between the lines, A b, and b B, and the steps which com- 
pose the back of the w'alJ, presses perpendicularly downwards upon 
the tread oj the said steps, it will be impossible for the revetment 
to be thrown over upon the pivot, D, without forcing upwards 
the whole of the above weight. It appears to me, bow^ever, that 
this supposition is in some degree fallacious, for if the particles of 
earth are ioose, they may be separated from each other by any 
adequate force ; and thei efore it may perhaps more reasonably be 
concluded, that in performing the supposed movement of falling 
forwards, instead ot having to raise any very great part of the mass 
of earth in rear, the revetment shown in our third figure, would 
only have to tear away from tie remainder of the said mass a 
certain iiiconside auie poi iioii of it, not much exceeding the sum 
of those small triangles, which he between the steps and the dotted 
line, A B. Whether this would add to the stability of the masonry, 
so as to render our tliird profile in any great degree stronger than 
the second one, may be considered doubtful; but it is to be 
remarked, that in all cases the formation of the back of a counter^ 
sloping revetment with steps would be much more convenient to the 
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<i¥orkmeii employed in building it ; so that this construction should 
invariably be adopted in practice^ in preference to a continued 
•lope.* 

We shall next take into consideration^ the strength of profile 
necessary for demirevetments, or partial revetments. 

Draw three figures, to represent demirevetments^ giving to one 
of them a broad berm, to the second a narrower berm, but make 
the third without a berm ; and let the height of the demirevetment, 
and the dimensions of the rampart and parapet, be the same in all; 
and dot the base of each parapet. 

Ill rear of each demirevetment, draw also an oblique dotted line, 
in the usual manner, to represent the extent of the pressure of 
earth ; and in the first figure, which has the broadest berm, let the 
above line produced agree w'ith the front of the earthen part of the 
scarp. 

Mark the triangle, comprehended between the back of the 
demirevetment, the oblique dotted line, and the level of the berm, 
in each figure, by the letters, a b c, in the usual manner. 

In the second figure, mark the exterior slope of the parapet by 
the letters, i f, placing the former at top.; and mark the point, 
where the oblique dotted hue intersects the base, and top of the 
parapet, by the letters, e and h. 


* In the text, 1 have only stated and commented upon that argument, in 
favour of offsets or steps in rear, which 1 have seen used by those Authors, 
who recommend coiiiiterslopiug revetments. There is however another 
reason, that might be urged in behalf of this construction, the princi- 
ples of mechanics, any power which presses or strikes upon a body, acts 
with the greatest possible effect, when it meets a perpendicular surface. 
Consequently the vertical pressure of the mass of earth, A b B, in our third 
figure, by acting perpendicularly upon the tread of tiie steps, may be sup- 
posed to exert a much greater power of streiigtlieuing the revetment, Bum 
if it acted upon an oblique surface, such as the line, A B, in the second 
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In the thiid figure, mark the upper exlremity of the oblique 
dotted line, by the letter, e. 



By comparing these figures, it will appear, that in the first, by 
reason of the great berm, the total pressure of earth, acting upon 
the demirevetment, is represented by the triangle, a b c ; so that 
according to this construction, neither the parapet, nor those parts 
of the rampart, which are above the level of the berm, do, in any 
degree, press upon the masonry, lliis advantage, however, could 
not be fully gained, in fortresses founded in common earth, without 
making the berm of a very inconvenient breadth ; for example, if 
a b is supposed to be 20 feet high, the berm w ould require to be 
rather w'ider than the above proportion ; and, even in the most 
tenacious kinds of soil, it could not be made much less than 12 
feet, consistently with the above object. 

In the second figure, in addition to the triangle, a b c, there is 
also a pressure upon the demirevetment, resulting from llie w^eight 
of a part of the rampart, c e f d ; as also from a portion of the 
parapet, e h i f . Consequently, the pressure of earth, in this 
profile, is greater, than in the former, by reason that the berm is 
narrower. 

In the third figure, in which there is no berm, it will appear, 
that the pressure is by far the greatest of all ; for, in addition to 
the triangle, a b c, there is the whole of the parapet, and a portion 
of rampart, c e f d, muc h greater than that, which is marked by 
the same letters, in our second figure.* 


* Even in profiles, constructed according to the third figure, it must, 
however, be remarked, that the dotted line, a e, will not always compre- 
hend the whole of the parapet, if the height, a b, of the demirevetment is 
less than about 20 feet. 
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So much having been said to give a general notion of die priiH 
ciples^ according to which this part of our subject may be cqn- 
sideredy I shall now state the rule^ laid down by Vauban, for 
partial or demirevetments. 

lie made, in all cases^ tlie dimensions of the base of his demi^ 
revetments, and of their counterforts, equal to those of a full 
revetment, calculated for a profile of the same relief or total 
height of scarp ; besides which, in partial or demirevdtments, he 
reduced the intervals between his counterforts to 15 feet, measuring 
from center to center, whilst in his full revetments, he always made 
those intervals equal to 18 feet, excepting under peculiarly unfa- 
vourable circumstances. 

For example, if we suppose, that there are two profiles, each 40 
feet high, exclusive of the parapet, and that the scarp of the former 
is fully reveted ; but that, in the latter, one half only of the scarp 
is reveted : then, by referring to Vauban’s general profile, as con- 
tained in the first table, it appears, that the thickness at top of the 
full revetment, proper for that height, is 5 feet 4 inches; the 
thickness at bottom being 13 feet 4 inches. And the dimensions 
of the counterfort, given for that height, in the same table, are 10 
feet long, 6 feet wide at the root, and 4 feet wide at the tail. 
This being ascertained, it follows, therefore, in conformity witli the 
rule, which has just been stated, that the demirevetment of 20 feet 
in height, under the circumstances above supposed, ought to be 
made 13 feet 4 inches thick at bottom, in consequence of which, 
its thickness at top, the slope being one fifth, will of course be 
9 feet 4 inches ; and it must be backed by counterforts of the 
above-named dimensions. 

Hence it appears, that Vauban’s demirevetments, or partial 
revetments, form an exact section of the lower part of one of his 
full revetments, in profiles of the same relief. 

Draw, for example, the profile of a demirevetment, abed, 
Jiaving a slope of one fifth, over which, the upper part of the scarp, 
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exclusive of the parapet, is represented by b h ; make the berm 
equal to the diickness at top of the masonry ; and let the dotted 
oblique line, a c, mark the extent of the pressure of earth, in the 
usual manner. 

This being done, produce, upwards, the back and front of the 
<demirevetmeiit, as far 
as the points, f and g, 
where they meet the 
level of the base of 
the parapet, also pro- 
duced ; and dot the 
whole of your pro- 
duced lines. 

Then, if suppose the total height of scarp of our profile to 
be 40 feet, exclusive of the parapet, and that the demircvetment, 
a b, is 20 feet high : the figure, a f g d, will represent a full 
revetment calculated for a profile of the same total relief, as that 
of our present section. The diickness at bottom, a d, both in the 
full revetment and demirevetinent, w^ill be 1 3 feet 4 inches ; but 
whilst the tiuckness at top, f g, of the former, is 5 feet 4 inches, 
the thickness at top, b e, of the latter, will, by reason of the 
slope, be increased to 9 feet 4 inches. And the demirevetment 
will evidently, as before stated, form an exact section of the lower 
half of the full revetment. In like manner, the counterfort of the 
demirevetment, abed, if introduced, ought to form an exact 
section of the lower half of the counterfort of die full revetment, 
afgd.* 



^ In this manner were regnlated the dimensions of the partial revetments 
and of their codhterforts, given in Plate 2d, which are made to agree with 
Vanban’s rule, as stated in the text, but with this difference, that a small 
addition has been made to their thickness, on account of the difference of 
slope, which is there reduced to one sixth. 
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According to the principle, before assumed, the pressure of 
earth on the demirevetment, is represented by tlie figure, abhc, 
added to the parapet ; whilst the pressure on the full revetment is 
represented by the triangle, a f c, added to the parapet. 

Using the above stated dimensions, and calculating in the manner 
followed in constructing the second table, it will be found, that 
whilst the masonry in the full revetment is to the pressure as 5S*23 
to 100,^ the masonry in the demirevetment will be to the pressure 
acting upon it, as 40*85 to 100 nearly, the counterforts in both 
cases being of course included, and those of the fullirevetment 
being supposed to be built at intervals of 18 feet, whilst the others 
are supposed to be placed at intervals of 15 feet apart, from center 
to center. 

The authors, who have written upon Vauban’s general profile^ 
have made a great omission, in neglecting to say, whether he 
considered a berm of a certain breadth, as an essential accessary to 
the strength of his partial revetments ; nor does there appear to be 
sufficient information to enable us to form a decided opinion, as to 
his probable intentions on this head. It may, however, be observed, 
that unless a respectable berm is introduced in such cases, die rule 
laid down by Vauban, as above stated, does not seem by any 
means calculated to yield a sufficient strength of masonry, in pro- 
portion to the pressure of earth, which may be supposed to act 
upon partial or demi-revetments. 

To exemplify this remark, construct a figure similar to your last, 
in every other respect, but without any berm ; marking it witli the 
same letters in all the corresponding points, and adding the letter. 


* This proportion diflers from that given in the second table, for a full 
revetment 40 feet high, because, in our present profile, the small exterior 
revetment ot the parapet is suppressed; and the interval between the 
counterforts is supposed to he 18 feet, instead of the mean interval of 10{ 
%t, which was assumed in constructing that labje. 
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i, to denote the pointy where the earthen scarp is intersected by 
the back of the deniire- 
vetment, produced up- 
wards. 

Add also a counter- 
fort, a b k 1, to your 
demirevetment. 

It will then appear, that the pressure of earth, acting upon the 
full revetment, will be as the triangle, a f c, adde<l to the parapet, 
whilst the pressure upon the demirevetment w^il! be as the irregular 
figure, a b e h c, added to the parapet. But whether as examined 
by the eye, or as more accurately ascertained by calculation, it will 
be found, that in most cases, which are likely to occur iii practice, 
the area of the figure, a b e h c, will be so very nearly equal to 
that of the triangle, a f c, that the pressure upon the two revet- 
ments may be assumed, as being very nearly equal. 

If, however, instead of estimating the pressure on the demi- 
revetment, abed, by the figure, a b e b c, the portion, b i e, 
of the said figure is deducted, because this portion may be sup- 
posed, by resting perpendicularly on the top of tlie demirevetment, 
to tend rather to give stability to it, than otherwise ; still there will 
remain the figure, a i h c, which is not, in any considerable 
degree, smaller than tlie triangle, a f c, that acts upon the full 
revetment. It w^ould therefore appear, even under this last view 
of the subject, by no means prudent, to make the strength ot the 
demirevetment much less than that of the full revetment ; and this 
object evidently cannot be obtained by the above rule of Vauban : 
for if the pressure on both were aUo>ved to be equal, it will be 
found by calculation, that the demirevetment ought to be no less 
than IS feet 10 inches thick at top, and 17 feet 10 inches thick at 
bottom * (exclusive of counterforts), in order to give it the required 

* These dimensions are found, by means of the formula, afterwards given; 
as the solution of question 6tb, of the note to page 533. 
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fttreugth ; a profile, which in quantity of masonry would exceed 
one of Vauban’s profiles of the same description and height, by 
almost one half, the latter being only 9 feet 4 inches duck at top^ 
and IS feet 4 inches thick at bottom, as was before stated. 

Witli respect to the counterfort of a demirevetment^ constructed 
according to our last figure, the weight of earth resdng perpendicu^ 
larly upon it, which would be represented by a trapezokl or irregular 
figure, whereof k b is the base, may be considered to add greatly 
to its stability, and to give it a power of strengthening the demi- 
revetment, much greater than its actual mass of masonry could do^ 
if it were not thus loaded. 

Upon the whole, it may be concluded, that as far as regards full 
revetments, or scarp revetments' carried up nearly to tlic level of 
the base of the parapet, Vauban’s rules, or those which may be 
drawn from his practice, may be followed with perfect safety;* 


* There is one rule, laid down by Yauban, in respect to scarp revet- 
ments, which 1 have omitted in the text, it being entirely inapplicable la 
any well regulated profile. He recommends, in works, having cavaliers 
constructed in rear ol' them, whenever the distance between the foot of th« 
cavalier and the parapet of the exterior work is less than 18 or SO feet, that 
the thickness of the scarp revetment of the latter shall be increased beyond 
the usual proportion, by one tenth part of the total command of the cava- 
lier ; and that the counterforts shall also be increased in strength, by making 
them of the dimensions proper for those of a full revetment, equal in height 
to the given scarp revetment, added to one half of the command of tha 
cavalier. 

Thus, for example, if we suppose any work to have a full scarp revet- 
ment 25 feet high, with a cavalier in rear of it, having a com maud of 20 
feet over the work itself : then to 5 feet 4 inches, the usual Ihitkness of 
Vauban’s revetmeuts at lop, add 2 feet (which is one tenth part of 20, the 
command of the cavalier), and the sum, 7 feet 4 inches, will show Uie proper 
thickness at top for the scarp revetment. With respect to the required 
counterfort of the supposed work ; to 25 feet, the height of the scarp revet- 
ment, add 10 feet, which is one half of the given command of the cavalier, 
and the sum will be 35 feet Then by referring to Vauban’s general pro- 
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and the same remark may be made with respect to gorge or coun-^ 
terscarp revetments; in which, by an application of similar prhi* 
ciples, there' can be no risk of failure. 

Tlie only thing, that appears doubtful, is the last branch of 
tins subject, which we have considered, namely die proper thick- 
ness fcNT demirevetments or partial revetments, in profiles of a 
respectable relief. The rules laid down by Vauban on this head 
have not been sufficiently supported by experience, to enable us to 
adopt them without hesitation, for we have very few instances of 
this kind of profile having yet been used. And in cases, where 
we have authentic descriptions of the dimensions of partial revet* 
ments, that have actually been executed, there has not only always 
been a broad berm, which of course makes a difference in the 
pressure, but the heights both of the revetment and of the earthen 


file, you will find, that coonteiforts 9 feet long, 5 feet 6 inches wide at the 
root, and 8 feet 8 inches wide at the tail, are proper for the above height; 
and such are the dimensions, according to that Engineer, which ought to be 
given to the counterforts of the supposed scarp revetment (although only 
S5 feet high), on account of its having a cavalier of 20 feet total command in 
rear of it. 

To explain my objections to the above rule of Vauban, I shall remark, 
that in a well-regulated profile, a free space of at least 20 feet should always 
be left between the base of the parapet of any work having a cavalier in 
rear of it, and the foot of the cavalier; otherwise the terrepleins of the 
work will be too narrow for the service of artillery. But at the above dis- 
tance, supposing the work in question to have a parapet of the proper thick- 
ness, there must necessarily be an interval of at least 33 feet, between the 
loot of the cavalier and the back of the scarp revetment of the work in 
front of it, at which interval, it will be evident, that tlie mass of the formes 
work will be too Su* removed, to add to the pressure of earth tending to 
overset the latter, even if the said revetment should be of a very respectable 
height If the cavalier itself is also rercted, it should be removed still 
further to the rear, than we have just supposed, for reasons stated in 
Chapter xvii, page 342 : so that upon the whole, there can scarcely be any 
case, in which the thickness of the scarp revetment of a work ought to b# 
increased, on account of its having a cavalier in rear of it. 
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scarp above have usually been so insignificant, as not to affoi^i 
upon the whole, sufficient data, for judging with confidence, upon 
the strength of bolder profiles of the same descripfion.'*^ 


* Jn Belidor’s ** Science des Ingenieurs,'* Book in which he gives 
the rules laid down for the construction of Ne^ Brisach, it is directed^ that 
the ravelins shall have a scaip revetment of 17 feet in height, oyer which a 
berm is to be left, 10 feet broad ; and then an earthen scaip is W be nused 
8 feet 6 inches high, exclusive of the pmrapet The revetment is to be 5 feet 
4 inches thick, at the height of 14 feet irem the ground, with a slope of one 
sixth from thence downwards. The remaining part of the revetment, near 
the top, is to be built perpendiculariy, 2 feet 8 inches thick, and S feet high. 
The counteiforts to be 8 foet long, 5 feet wide at the root, and S feet wide 
at the tail. Belidor states, that the rules, given by him in that book, as an 
exemplification of the system, acoording to which the details of the con- 
struction of an entirely new fortress inay be regelated, are not, in all cases, 
an exact copy of those, which were actually used on that occasion, but that 
he has generally followed the same dimensions* If this is supposed to 
hold good in respect to the ravelins, which have been described, it would 
appear that, with the exception of the counterforts, the rest of the masonry 
of the profile is not increased in proportion to the height of eartlien scarp 
above it: on the contrary, the strength of the scarp revetment is less than 
what ought to have been given to a full revetment, 17 feet high. If so, it 
would seem, that when a g^d berm was left, Vauban, by whom tbe above 
fortress was constructed, did not think it necessary to increase the thick- 
ness of partial or demirevetments ; but as this is only one solitary case, his 
intentions cannot from thence be fairly estimated. * 

In Portsea Works, there is a berm of about 10 feet wide all round, 
the height of the earthen part of the scarp above that level (not including 
the parapet) being generally about 8 feet. The partial revetments are in 
some parts 8 feet thick at tlie top, with a slope of one sixth. Their height 
varies much, according to the nature of the soil, being in some parts no less 
than 38 feet, but a very great portion of the masonry is every-where buried 
below the level of the ditch, it having been judged necessary, by the engi- 
neer, who had charge of the work, to go down, until a peculiar stratum of 
clay, that he considered good for tbe foundations, was found. In soma 
parts, the thickness at top of the partial revetment is only 6 feet, hot the 
average thickness in most places is 7 feet 6 inches. The counterforts are 
8 feet long, 6 feet 8 inches wide at the root, and 5 feet wide at the tail ; 
aud are placed at central intervals of 18 feet apart. 

VOL. II. 
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Ha?ii^ now sufficiently enlarged upon the general profile of 
Vauban, wUeb it was of importance to illustrate, as it has hitherto 
been almost implicitly followed by every succeeding engineer, 1 
shall next proceed to explain another form, that may be given to 
the profile of retaining walls, and which is peculiarly applicable to 
nffiitaiy works, but has not yet, to my knowledge, been used in the 
scaip or counterscarp revetments of any fortress, although, upon 
due considmrafimi, it may perhaps appear preferable to the 
former. 

The method, now alluded to, consists in constructing the wall in 
such a manner, that wliUst the front of it has a certain exterior 
slope like a common revetment, the rear of it shall not be built 
perpenfficularly, in the usual manner, but shall also have a slope, 
parallel and equal to the former, or nearly so. When this profile 
is used, the back of the masonry overhangs or projects beyond the 
base of it, and appears as it were to lean against the mass of earth, 
that it is intended to retain ; from which circumstance, revetments, 
•o constructed, are called leaning revetments. 

The overhanging slope of a leaning revetment should never be so 
considerable, that if the counterforts and earth were removed, the 
wall would have any tendency to fall backwards. It may, how- 
ever, without any iuconveniency be made to cfiffer in a small 
degree ffom the exterior or front slope ; but generally speaking, it 
will be best to make these two slopes equal to each other, in which 
case the section of the masouiy will be an oblique angled parallelo- 
gram ; and this form, as being the most convenient for calculation, 
will be the only one noticed, in the succeeding parts of this 
chapter. 

To exemplify the nature and strength of leaning revetments, as 
compared with others, draw three profiles of counterscarp revet- 
ments, of the same height but of different kinds, making the first 
rectangular, the second a common sloping revetment, and the third 
a parallelogrammatic leaning revetment ; and let the mean thickness 
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of the sloping revetment, th6 thickness of the redangtdair revet* 
ment, and the horizontal thickness of the leanir^ revetment, be 
equal to each other. From the back, a, of the base of each revet- 
ment, draw an oblique dotted line, sloping upwards and towards 
the rear, in the proportion of 1 to 1 : from the center of gravity, c, 
of each profile, drop a dotted perpendicular to the base : from die 
back of the base of your leaning revetment, raise a dotted verdcal 
line, a b, and letter the other points of your figures as follows. 


g b d kb 1 



Let us suppose, as before, the height of all your revetments to be 
30 feet, and that the base and top of the first and third revetments are 
eWh 8 feet, which is equal to the mean thickness of the second revet- 
ment ; and let us further suppose that the slopes of the second and 
third revetments are equal to one fifth of their height Then the 
thickness at top, g b, of the second revetment, will be equal to 
5 feet; its base, h a, will be 11 feet; and, b 1, in the third profile, 
will be equal to 6 feet, which is one fifth of the supposed 
height. 

Now, as the quantity of masonry in each revetment is equal, 
their strength, as opposed to a pressure of eardi in rear of them, 
will be in proportion to their respective levers, em, bn, and, i o; 
but on account of the first profile being rectangular, e m, will be 
equal to 4 feet, which is half the base, and by calculation, h n, 
will be found to be equal to 6*8123 feet, as in our former 
example, whilst i o will be equal to 7 feet. If we supposed the 
force of earth pressing upon each revetment to be equal, their 
comparative strengths would therefore be as. the nmnbcirs 4, 
6*8125, and 7 ; or on reducing these terms lower, as the num- 


M M C 


53^ ELEMENTARY FORTIFICATION, chap.xxit. 


bers 1, 1*70SI£5» atid 1*73 : by which it would appear, that the 
leaning revetment is stronger by three fourths than the rectangular 
revetment, and diat it is stronger by about one thirty-sixth part, than 
the common sloping revetment, th^ being all of the same height, 
and containing the same quantity of masonry.''*' 


* The following algebraical formulae will be useful, in calculating the 
strength of masonry of various revetments, according to the hypothesis, 
stated in the text; it being understood, however, that the pressure of 
earth is not taken into consideration. When that is done, as is absolutely 
necessary, before the true comparative strength of any two profiles of for- 
tification can be ascertained, a certain modification of the results, obtained 
by our present formulse, must necessarily take place, as shall hereafter be 
explained ; and consequently, these results are not conclusive, but each of 
them is merely to be considered as a step, towards the solution of a more 
complex and difficult question. 

Question I. Given the dimensions of any revetment, to find the length 
of lever, a;, with which it opposes the pressure of earth ; as also the stabi- 
lity of the masonry. 

Cw l8t. When the revetment is supposed to be rectangular, like that 
represented in our first figure, its height (a b) being equal to a, and its thick- 
ness (f b or e a) being equal to b. 


Solution, x 




r: e m in the figure : and the stability of the re- 


vetment, which is as the area of a b f e, moltiplied into e m, will be 


zzab X 


2 


ah* 

t ■ 


Com 2d. When the revetment is of the common sloping form, repre- 
sented in our second figure, its beight (a b) being equal to a ; its thickness 

at fop (g b) equal to 5, and its slope being in the proportion of part of 
the height. 

Solution, x = = h n in the figure, and the stability of 

the masoniy, Which is as.the area of a b gh X h n, will be = (— -f ) 
2a*-|-6a®Ac+3fli*c* ^ a* i 

^ \ 3a+66c sT* “ 6c» S? T‘ 

Ctoe 3d. When the revetment is a leaning parallclogrammatic one, as 
represented in the third figure, its perpendicular height (ab) being equal 
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But when the comparative pressure of earth is also taken into 
consideration, it will appear, that- the quantity of eardi which 
presses upon the back of the lining revetment must necessarily 


to <t, its horizontal thickness ^ki or ia) being equal to b, and its slopes 
being in the proportion of ^ part of the height. 


Solution, x ^ ^ ■ = i o, in the figure ; and the stability of the ma» 

sonry,. which is as the area of a I k i x i o, will be =: a ft X — — z: 

2c ^ 

a^ft , aft* 

3c* Sc 2 * 

Case 4t/t. When the revetment is a countersloping one, as represented 
in the second figure of page 516, its height (D £) being equal to a; its 
thickness at top, (B £) equal to ft, and its counterslope being in the pro- 
portion of -i- part of the height 


Solution, x =r - r - H- — H D in the figure, and the stability 

Sa4~6fte 3c 

of the masonry, ivbich is as the area of A B £ D x H D, will be zz 

/«* , /aftH-3ft*c ^ a\ «9,*^-3«*ftc+3aft*c»^ o* , <^ft , aft* 

Vic W ^ V 3«+66c — 6<^ ~6? 2c T’ 


Question 11. Given the height, a, and thickness, ft, of a rectangular 
revetment; to find the tliickness, x, of a second rectangular revetment, of 
a given height, d, and equal to the former in strength. 

Solution. * = y = ty (.1). 

Question 111. Given the height, a, and thickness, ft, of a rectangular 
revetment ; to find the thickness at top, x, of a sloping revetment, of a given 


height, d, and having a slope of •!., and equal to the former in strength. 


Solution, x = / (— ) ^ 

V V d 1 ^ 3c* c 

Question IV. Given tho height, a, and thickness, ft, of a rectangular 
revetment; to find the thickness at top, x, of a leaning revetment, of a given 


height, d, and having a slope of and equal to the former in strength. 
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be ^BOffiewbat Italy dan dnt which acts upon either of the two 
after profflia; tad therefore the above ndio nuut be modified, in a 
certain degree m order to obtain the true proportions. 


Solution. * = / 


Question V. Given the height, a, the thickness at top, h, and the 

dope, — , of a l^ing revetment; to find the thickness, «, of a rectangular 
e 

rcvetmentp of a given heigbt, d, and eqaai to the former in strength. 

• = yiKT+s)- 

Question VI. Given the hmgfat, a, the thickness at top, h, and the 

slope, -1, of a sloping revetment; to Hnd x, the thickness at top of a 
c 

second sloping revetment of a given height, d, and having a slope of 
and equal to the former in strength. 


SOLUTION. * = / « (i.+ W - 1’ 

4^ d V ■ c 3c* / 3e* e 

Question VII. Given the height, a, the thickness at top, h, and the 

slope, -i-, of a doping revetment, to find the thickness, ar, of a leaning 
c 

revetment, of a g^ven height, d, and having slopes of and equal to the 

e 

former in strength. 


SOLUTION. X = / i {J.+ 5fi 1. 

V d V ^ C ^ 3 c»y 4 c» fie 

Question VUI. Given the height, a, the thickness, b, and the dopes, 

i 

of a leaning revetment; to find the thickness, ar, of a rectangular 

€ 

revetment, of a given height, d, and equal to the former in strength. 
SotbrioN. X r= ^ ^ ^ 

. Question IX. Given the height, a, tlie thickness, h, and the slopes, 
1, of a leaning revetment; to find the thickness at top, of a sloping 
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To explain this observation, let us suppose, acccxrdii^ to die 
hypothesis used in our former cidculations ; that the coiaparalive 
pressure of earth upon the back of the revetment, in each of our 


1 

revetment of a given height, and having a slope of and equal to the 
former in strength. 

Solution. * = / ~ (^+ -2^ ) H- ~ — — . 

V d V c / 3c* e 

Qubstion X. Given the height, a, the thickness, &, and the slopes, 

**■ c 

of a leaning revetment, to find the thickness, x, of a second leaning* revet? 
nient, of a given height,*^, and having slopes of , and equal to the former 
in strength. 

Solution, x = / 4 (^®+ ^ i 

^ d ^ € * 4c* 8c 

Question XI. Given the dimensions of a revetment of a given 
description, that is to say, either rectangular, sloping, or leaning; to find 
the thickness at top of a second revetment, also of a given description ai^ 
height, and of a given slope, if sloping or leaning ; and which shall be 

stronger or weaker than the former by -^th part* 

n 

General rule for the solution. From amongst the foregoing questions, 
select that, whose conditions agree most nearly with those of your preselyti 
case ; and multiply that part of the solution of the said question, which is 

N + 1 

within the vinculum under the radical sign, by — — , if you desire your 

H 

proposed revetment to be stronger than your given one, but multiply 

by , if you desire it to be weaker ; leaving all the other terms of the 

n 

solution unaltered. This will give you the answer to your new question. 
For example: supposing that the height, a, the thickness ut top, b, 

and the slope, of a sloping revetment are given, and that it is required 
c 

to find the thickness, s, of a loaning revetment, of a given height, d, 
and having slopes of and which shall be stronger than the former 
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piofil^ if as the triangles, a b d, a b d, and a 1 d, bounded 
in mar by liic (driique dotted lines, sloping in the proportion of jL 
to 1. Thai the lines, marked, bd, and ab, will be equal in all 
our figures, and from the nature of the overhanging slope in the 
third profile, b 1, being equal to one fifth part of b d ; the line, 1 d, 
will be equal to four fifths of b d. Now on comparing tlie triangle, 
aid, with the triangles marked, a b d, as their altitudes are equal, 
the area of the former will be in proportion to the line, 1 d, whilst 
the area of each of the others will be in proportion to the line, b d. 
The area of the triangle, aid, which represents the pressure of 
earth upon the leaning revetment, will therefore be equal to four 
fifths only of the triangle, abd, which represents the pressure, 
acting upon the two other revetments, shown in our first and second 
figures ; or in other w^ords, the pressure of earth, acting upon tlie 
rectangular and upon the common sloping revetment, is greater by 
one fourth part, than that which acts upon the parallelogrammutic 
leaning revetment. 

The dimensions of a counterscarp revetment, so nicely propor* 
Uoned as to be exactly in equilibrium with the pressure of earth 
acting^on it, have not yet, to my knowledge, been ascertained by 
ejqii^ment; and therefore the value of the additional strength, 
which our leaning revetment must possess, as compared with the 
others, by reason of the diminution of pressure, occasioned by its 

by part: then, on referring to the foregoing questions, it will be 

ft 

found that the above conditions agree most nearly with those of Question 

VII, the solution of which is’ \ / iL(A»+ — + ^ — jl: 

yd' c Sc?* ' 4e* 

and consequently on multiplying that part of the said solution, which is 
within the vinculum, by directed,* there will result for the answer of 

jour present question, ,= y X — j + ^- 5;. 
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overhanging slope, cannot be reduced to any precjie istip.; as 
might be done, if the supposed experiment were carried oo, in 
a satisfactory manner. For example if we imagine, that it bad 
been practically, ascertained, that a rectangular revetment, of the 
dimensions represented in our first figure, were in exact equilibrium 
with the supposed pressure of earth acting upcm it, then as the 
said pressure has just been shown to be greater by one fourth, than 
that which acts upon the leaning revetment of our diird figure, it 
would therefore follow, that to the number 1*75, before found, 
which represented the actual strength of masonry of our third 
profile, one fourth of itself should be added ; and the sum 2*1875, 
would then show the comparative strength of that profile, as a 
retaining wall, under the circumstances supposed ; whilst the com- 
parative strength of the rectangular revetment, and that of the com- 
mon sloping revetment, would still remain as the numbers 1, and 
1703125* 

Upon the whole, therefore, it may appear, that there are sufficient 
grounds for concluding, that a leaning revetment must be stronger, 
in a certain degree, than any of the other profiles of revetments, 
which have been described; but whether it exceeds them in 
strength, in tlie proportions, which we have just found by calcu- 
lation, according to a certain stated hypothesis, must remain 
doubtful, until the matter is put to the test of actual experiment. 


* On considering the mode, in which we have just calculated the compa- 
rative strength of our three profiles, it will appear evident, that if the soil, 
which was to bo retained, bad been either of a more or less tenacious 
quality, than what we have above supposed ; then the superiority, in point 
of comparative strength, which the loaning revetment, represented in our 
third figure, must, in all cases, possess over the others, would have been 
increased or diminished, to a certain degree, so as to differ more or less 
from the ratios, which were found by our former supposition* 
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: CHAP. XXV. 

SAME SUBJECT CONTINUED. — OBSERVATIONS ON 
THE UNSATISFACTORY AND ERRONEOUS NATURE OF 
THE COMMON THEORIES OF REVETMENTS. — NEW 
PRINCIPLES LAID DOWN.— ACCOUNT OF EXPERIMENTS 
TRIED FOR THE PURPOSE OF ASCERTAINING THE 
ACTION OF LOOSE EARTH UPON REVETMENTS.— GENE- 
RAL RULES DEDUCED FROM THE ABOVE. 

The investigatioii of the dimensions proper for revetments of 
various descriptions, which has been partly treated of in the fore- 
going chapter, is one of the most important objects, that can 
engage the attention of the practical Engineer ; for if the masonry 
of any revetment should prove defective, the whole of the expense, 
laid out in the construction of the work, will be thrown away ; and, 
on the other band, even an excess of strength is to be reprobated^ 
as leading to an useless waste of masonry and materials. And in 
those cases, in which revetments, properly so styled, arc used ; as 
for example, in the scarps and counterscarps of fortified places, 
and in the facing of docks, wharfs. Sec. the reveted works, whether 
civil or military, are always of great public importance, and are 
attended with a vast expense, even if planned according to the 
wisest principles ; so that a defect in the profile of a revetment 
must generally prove far more ruinous, than any common error, 
which is likely to occur in other branches of practical mechanics. 

Notwithstanding these weighty considerations, there is, however, 
no branch of useful study, which; appears to me to have been. 
hat|(||ed in so very unsatisfactoiy a manner, as that of which we are 
now treating. It is true, that a great number of writers have 
attempted to illustrate die theory of revetments by madiematical 
calculations, but they have all neglected to establish their principles 
by previous experiments. The rules, given by them, must therefore 
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be looked upon as mere speculations, on which no te&alie^ : wutd 
be placed in practice ; for the various points to be considered ave 
certainly of by far too abstruse a nature, to be capable of hen^ 
ascertained by reasoning alone. But independent of the difficulties 
and uncertainty, attending the subject in itself, there is another 
consideration, which has rendered me the more averse^ from giving 
confidence to any of these writers, however learned dr ingenious. 
Even the preliminary hypothesis, usually laid down by ffiem, as to 
the pressure of earth upon revetments, seems to me to be erroneous ; 
and if this opinion should prove to be well founded, ail the theoriesy 
which have hitherto been published upon the subject, must neces« 
sarily fall to the ground. 

But if we set aside the doctrines of speculative writers, we have 
nothing conclusive or satisfactory, at least as far as regards military 
works, but the rules given by Vauban : and upon these it must be 
remarked, that they apply to one particular kind of profile only. 
In other cases, before stated, in which we are not aware, that 
Vauban proved his rules by actual practice, it would not, by any 
means, be equally safe to trust to them. 

Upon the whole, therefore, the only positive knowledge, that w^e 
can be said to possess upon this important subject, is as follows. 
If, in planning a fortress, we should think proper to adopt fuH 
revetments, like those of Vauban, we may with confidence use the 
dimensions, prescribed in his general profile, as having been proved 
by ample experience to be sufficiently strong ; but still a doubt 
may reasonably remain in our mmds, whether these dimensions may 
not be greater than necessity requires. But if we should prefer 
partial revetments,^ either with narrow berms or without any ; whicli^ 
for reasons explained in former parts of this work, are much more 
suitable for the profiles of a fortress, than full revetments ; then 
w^e have only the theories, or rather conjectures, of speculative 
writers to guide us, in regulating the dimensions of our masonry,^ 
and it must certainly be allowed, that nothing can be more unsa^ 
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a« I before stated, than this view of the subject. In tlic 
course of the extensive public works, which have been carried on 
at various times, in diflferent parts of the world, fractures must 
occasionally have taken place in the masonry, owing to a want of 
proper strength to resist the pressure of earth. If these bad been 
carefully recorded, much iusight into this subject would have been 
obtained ; but such incidents are usually kept in the back ground, 
as much as possible ; so that it would scarcely be practicable to 
collect a sufficient number to answer the purpose in view. As the 
matter is of great importance, a series of experiments, calculated to 
ascertain the greatest pressure of earth, that walls of a certain 
quantity of masonry can support, under given circumstances, before 
they will break down, may therefore be considered, not merely as 
the only rational means of attaining any precise knowledge on the 
subject, but also as a desirable object in a public point of view. 

Having asserted, that I consider the theories of those WTiters 
who have treated this subject mathematically, as being of a very 
unsatisfactory natm e ; I shall next proceed to explain tlie grounds, 
upon which I have formed this opinion. 

One principle, in which they almost all agree, is that the strength 
of revetments, in general, as opposed to a power acting upon the 
back of them, is in proportion to their masses, multiplied into 
their respective levers, which are found, in the manner explained 
in tlie preceding chapter, by dropping a vertical line from tlie center 
of gravity to the base of each revetment. 

It is also generally allowed, that if two revetments are built of 
different materials, but of the same prohle, that which is composed 
of the lightest substance, will be the w eakest ; and, for this reason, 
it has been recommended, that a brick wall should be made rather 
thicker tliaii a stone wall, exposed to the same pressure of earth ; 
because the stone, which is generally used in building, in this 
country, is heavier than brick. 

So far the truth of the rules, usually given in books, may be. 
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readily allowed; as they either seem founded upon very obvious 
principles, or are such as agree with the daily experience of Engi- 
neers, and others employed in public works. With regard to the 
strength of masonry, I should not therefore be inclined to make 
any difliculty ; but when the nature of the pressure of earth comes 
to be considered, the case is widely different. 

In this part of their subject, the writers on the theory are agreed 
in one point only, namely, in allowing, that the weight of earth, 
pressing upon the back of any revetment, and tending to overset it, 
is in proportion to a triangle, or other figure, which may be found 
in the manner explained in the preceding chapter, by drawing a 
line, from the rear of the base of the revetment, to the sui^ace 
of the earth behind it, sloping in a certain proportion, as for 
example, at an angle of 45 degrees. 71iis is precisely the hypo- 
thesis, before alluded to, which appears to me to be founded in 
error ; and therefore, in explaining and reasoning upon the said 
hypothesis, which I have hitherto done, in treating of the present 
part of my subject, notwithstanding my belief of its inaccuracy, 
I had solely in view the full information of my readers, in order 
that they might not remain ignorant of the opinions held by former 
writers.* 


* It was stated, that the various speculative writers upon this subject alt 
concur, in assuming one common hypothesis, as to the quantity of earth, 
which presses upon the back of a revetment, with a tendency to overset it. 
But when they treat of the modification, which must necessarily take place 
ill the actual force, exerted by the above mass of earth, on account of various 
circumstances, such as the position of its center of gravity, &.c. &c., in con- 
sequence of which, the same actual weight or mass of earth may be sup- 
posed to he much more ojipressive to a revetment, in some cases, than in 
4)tbcrs ; then the wrifers, alluded to. are all at variance with each other, all 
of them having different theories of their own, which they generally hold 
out with coiniderable confidence, for the guidance of the practical Engi- 
neer ; and considering the acknowledged talents of those, who have inves- 
tigated the pressure of earth, this discordancy in the inferences, which they 
have drawn from one common hypothesis, may be d d •' < 
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Had film ^j^uiions been less generally received, I should have 
jprderred pastdi^ them over in total silence, for their fallacy may 
be proved in^ a manner sufficiently obvious, even by reasoning 
alone;, and die strong objections against them, which first occurred 
to me, in reflecting upon the subject have .lately been corroborated 
by experiments of a veiy simple and yet convincing nature, that 
shall hereafter be stated, and of the accuracy of which any person 
may easily satisiy himself at a moderate expense. 

To explain these observations ; draw a counterscarp revetment, 
abed, with an oblique dotted line, a c, to represent the extent 
of the pressure of eaitfa, in the usual manner, before exemplified ; 
and from the front of the 
base of the revetment, 
draw a second oblique 
dotted line, d f, parallel 
to the former, intersect- 
ing the back of the revet- 
ment, in the point, g. Then 1 say, that the triangle, a b c. 



obscurity of the subject ; for in matters capable of demonstration by geo- 
metrical reasoning, the results arc always conclusive and convincing. This 
Is the case in Pure Mathematics, in which arc investigated the nature of 
lines, angles, geometrical figures, numbers, and other things, that may be 
considered intellectually, without any reference to the properties of matter. 
But in Mixed Mathematics, in which the consideration of material sub- 
stances is also introduced, certain data must always bo assumed, and some 
hypothesis must consequently be laid down, as to the properties of the sub- 
stances to be treated of, before any mathematical reasoning can be applied 
to the subject ; and these data are not, like the axioms of geometry, of a self- 
evident nature, or capable of demonstration. On the contraiy, they are 
nsoolly involved in great obscurity and uncertainty, if considered intellec- 
tually: and it is, therefore, by means of numerous experiments alone, 
conducted under many and various contingent circumstances, that a just 
or useful hypothesis, of the nature alluded to, can be formed ; after which, 
Maftiemafics may be applied, with the greatest advantage, to the determi- 
naHott of new cases, but not before. 
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although usually bo considered^ is not a true repres^uMipsi.pf ihe 
quantity of earthy . which presses on the revetment^ a b e in 
a manner as to tend to overset it, on the pivot or fulcrum, d. 

The line, a c, in our figure, represents the nattaral slope, at, 
which the earth of the counterscarp would be able to stand of 
itself, without the assistance of masotiiy. Consequently, as the 
line, d f, wliich is parallel to it, has exactly the same slope, it 
must also be allowed, that if there were no revetment, the earth 
would be able to stand equally well, according to the last motioned 
line, as according to the former. If we therefore suppose the 
upper portion, g b e d, of our revetment to be cut entirely off, as 
also the upper portion of earth, g b f, there will remain, according 
to the common hypothesis, a mass of earth, a g f c, pressing upon 
the back of the triangular revetment, a g d, and tending to overset 
it, by throwing it over upon the" pivot, d. 

Now, by supposition, the line, d f, represents the natural slope, 
at which the earth of the counterscarp will stand, without being 
supported. If therefore, the triangle, a g d, were composed of 
earth of the same quality, instead of forming part of a revetment ; 
it must be evideut, that the whole body of earth, contained in the 
counterscarp, of which, d f, represents the exterior surface, would 
remain in a state of rest ; nor can it be pretended, under this sup- 
position, that the portion of earth, a g f c, would have the least 
tendency to overset the triangular portion of earth, a g d. 

But if the earth, contained in a g f c, has no power or tendency 
to overset die triangle, a g d, in case the said triangle were also 
composed of common earth ; it may be considered reasonable to 
believe, that it must have much less power, and by no means a 
greater tendency, to overset the same triangular mass, if instead of 
being formed of earth, it were converted into masonry, which is a 
harder and heavier substance, adhering together in a compact 
manner, without any loose particles. And if such is the QW ; 
namely, if the portion of eaMli, a g f c, has no tendency whidcver 
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to otferset tbe retetaient, it must necessarily be allowed, that instead 
measuriii^ tbe pressure^f eardi, which acts with that tendency, 
upon the masa&iy of our profile, by tbe triangle, a b c ; it ought 
more properly to be estimated by the smaller triangle, g b f, which 
does not press upon the whole mass of the revetment, d e b a, but 
upon diat portion of it only, which is represented by the figure, 
debg. 

It is to be observed however, that although the portion of earth, 
a g f c, has thus been proved to possess no tendency whatever to 
overset the revetment, yet the whole of it must necessarily press 
upon the lower part of the masonry, in a certain manner ; for it will 
be evident, that if the wall were entirely removed, the said mass of 
earth could not remain perpendicular in front, iu the form, a g, but 
would fall forwards. Now, any lateral pressure, which is incapable 
of oversetting a body, has a tendency to make it slide, if circum* 
stances vrill permit, and such, therefore, would be tbe tendency of 
the action of the earth, a g f c, upon the revetment ; but from the 
nature of earth and of masoniy, and from the stability, which the 
latter derives on account of its base being buried some feet in the 
ground, it is impossible that this sliding motion can be carried into 
effect ; and consequently, as it can neither cause the revetment to 
overset, nor to slide, the tendency of the pressure of the portion of 
earth, a g f c, which acts upon the lower part of it, is to force it 
downwards, but in an oblique direction, upon its base. There, 
however, it is resisted by a mass of solid ground, which, if the 
foundation is good, it will be unable eitiier to remove or to pene- 
trate ; and therefore, all things conridered, it may be allowed, that 
tiie actual tendency of the portion of earth, a g f c, is to steady 
the revetment, by pressing it firmly down upon its base, with a 
considerable weight, which must be overcome by some superior 
power, before the wall can possibly overset. 

From the above considerations, it will therefcn-e appear, that if 
mgr mass of earth, such as the triangle, a b c, which is supported 
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by a revetment or retaining wail, ab e d, is divided into por« 
lions, by an oblique line, d f, drawn from the front of ihe base of 
the masonry, backwards, at the same slope, at which the earth 
would stand of itself, without any revetment; it is only thb 
rppER PORTION, g b f, of the supported mass^ which can^ 
have the least tendency to overset the revetment; for the lower 
PORTION, ag fc, wall in all cases add stability to it. The latter 
shall therefore, for the sake of precision, be styled the st^iuli* 

TAXING PORTION OF THE SUPPORTED MASS OF EARTH! the 
line, d f, whic'h divides it from the upper portion of the said mass, 
shall be called THE line of separation, and the line, ac, 
which bounds the whole, shall be called the boundary line. 

Having so far explained the leading principle, in which I differ 
from former w'riters, I shall here remark, that if what I have styled 
the upper portion of the supported earth, had no other tendency 
or action whatever, than to throw down the revetment, by moving 
it upon the pivot, d, it w ould in all probability not be a difficult 
task to form a correct theory of revetments upop the new hypo-* 
thesis, which I have just laid dow'ii ; but there are further consi- 
derations to be taken into account, which render the investigation 
of the pressure of earth of so very complicated a nature, tiiat it 
seems to me doubtful, whether it will be possible to reduce it to 
a matter of calculation, at least by any simple process, likely to be 
practically useful.* 


* For example, draw three figures of counterscarp revetments, all of 
equal height, the lust rectangular, the seenn^ sloping, the third leaning* 
Mark each revetment by the letters, a bed, and iinm the center (if gravity, 
li, of the masonry, drop a vertical line, h g, to the base. Mark the line of 
separation, in each figure, by the letters, d i f, and the boundary line by the 
letters, a c, both of which are supposed to be drawn at an angle of 45 
degrees. In the first figure, let the point, m, represent the center of gravity 
of the upper portion, i b f, of the supported carlli, and let o represent tlic 

VOL. TI. N N 
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1 allude to the property, which loose earth possesses, of acting, 
not in ou^ direction merely, but in a great variety of different 
directions, until it finds its natural slope. Fot example, if we suppose 
the point, o, in the annexed figure (see page 548), to represent any 
particle of earth of tlie upper portion, g b f, it will be evident, that if 
it were not supported by the mass of earth beneath it, it would 
fall down vertically, in the direction, om. If we suppose it to be 
supported in the direction, m, and towards ii, but not further 


center of gravity of the stabililating porli(»ii, a i f c ; and from those points, 
draw perpendiculars, ni ii, o n, to the line of separation, d f. Lastly, in every 
figure, from the point, h, draw b ri, perpendicular to i f ; and from the 
points, f and i, draw f p> and i k, pcrpciulienlar to a c. 



Then, if we could suppose the upper portion, i U f, of the supported cjiitli,. 
in each figure, to aOt solely with a tendency to overthrow the revetment ; 
that is to say, that no part of its pressure whatever should be exerted in 
any direction falling within the base, a d, of (he masonry ; il would follow', 
that every particle of the supported earth lying above the line, d f, w ould 
tend to overset or weaken, and that every particle of the same mass, lying 
below the line, d f, would lend to stabililate or slrengtJicji the revetment ; 
whilst those particles, the center of which eoincideil with the line, i f, 
would, as it WTre, remain neutral, (■ouscqiietiiiy, the portions, ibf, and 
a i f c, ill each figure, might not unreasonably be compared to the two 
counteracting weights in a pair of scales, of whit h the futcmni would 
always correspond with some part of the line of separation, 1 i‘; so that tlic 
same doctrine might be. supjiosed to hold good in both cases : that is to 
say, the actual force, exerted by the upper portifui of earth to overset the 
revetment, upon the piAut, d, might be supposed to be in proportion to its 
mass or area, ibf, multiplied into the lever (m n) whicli represents the 
perpendicular distance of its ceutcr of gravily (m) from the line of sepa- 
ration, i f ; and, in like manner, the actual force, exerted by tlic slabili- 
tating mass to strengthen the revetincnt, by pressing upon the base, a d, 
might be supposed to be in proportion to the mass or area, a i f c, of the 
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than n, it would then fall or slide down, in the direction^ o n. 
Again, if we suppose it to be supported in every point from m, 
towards p, but not further than the direction, p, then it would 
move in the direction, o p ; but if o p, is nearly parallel to f d, 
the natural slope at which the earth will stand of itself, it will be 
evident, that the particle, o, can have no tendency whatever to 
move ill the direction, o q, or in any other direction higln^r than th^ 
point, p. 


said portion, multiplied into the lever (o n) which vcpiTsents the perpen- 
dicular distuuee of its center of gravity (o) funu the line of separation, i f: 
and, at the same time, according to the common deetriue of former 
writers, the power of resistance or stability of the miLsonry, against any 
fon'c, tending to overset it on the pivot, d, might be supposed to be in 
proportion to its mass or .*uca, abed, mnllipiicd into the lever, d g; and 
if it is supposed to be built oi brickwork, it will have the same specific 
gravit} as comiTioii earth ueaily. Conaequentlv, if it were required to find 
the thickness at bottom, a d, of a brick wail, so nicely proportioned, that 
the stability of tlie masonry, assisted by the force of the stabililating por- 
tion of the supported earth, should b<' in exact equilibrium with the over- 
setting force of (he upper portion of the stjpported earth, the statement of 
our question in the rectangular revetment, represented in the first figure, 
would be as follows. 

Area abed X d g -f- area a i f c x o ii zz area i b f X mu. But from 
the constiuctioii of our figures, bu will, in all cases, he equal to n f, 
and f p, or i k, will be equal to p c; and from the properties of the center 
of gravity of bodies, the area of ai f c x o ii, will be equal to the area of 

o 

the two triangles (a k i -f f p c) X ~f p, added to the area of (he rectangle 
1 . ^ 

k i fp X— fp: and the perpendicular distance of the center of gravity of 

the triangle, i b f, from the line of separation, i f, will always he eqtml to 
one third of the poipendiciilar, b ji, although it may not always coincide 
with any part of the said ]>erpej;idieular, as represented in our first figure. 
The former equation will, tliereforc, by substilution, assume the following 
form: 

2 f p f ^ n 

abedxdg+(aki+fpo) x-j^ + kifpx — = ibfx— : 

And this last general statement will hold gtiod, iti a!l our three figures, and 
it is more convenient than the former, bec ause it does awav the necessity 

N N *2 
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If the line, a r, is drawn in 
a contraa^r (firection, so that 
the asgle^ m ot^ shall be equal 
to the angle^ mop; the par- 
ticle, o, will in like manner 
have a similar tendency to fall 
or move in anj direction be- 
tween m, and r, unless it is properly supported. But as its action 


m 


of finding the precise position of the points, ni^ and o* The same question 
iball neat be treated algebraically. 

Question. Given the perpendicular height of any revetment, of a given 
description, that is to say, rectangular, sloping, or leaning, to tiiid n, the 
thickness at bottom, which ought to be given to the wall, in order that the 
stabflity of the masonry*, aided by the force of tlie stahilitaliiig portion of 
the supported earth, shall he in eqailibrium with the oversetting power of 
the upper portion of the supported earth; (he specitic gravity of the 
masonry and earth being supposed to he equal, and the latter being sup 
posed capable of standing at an angle of 45 degrees. 

Case 1. When the revetment is rectangular, and its given hr ight k 
supposed to be =: a. 

Under this supposition, by substituting n, as the value of the square 

root of 2, the stability of tbe masoniy will be rcpicscntcd by i the loi cc 

of the stabilitating portion of the supported earth will be represented by 

; and the force of tlic upper portion of the supported earth will 

Sw On •• 

, (a — xy 

be represented by Consequently the statement of the qaestion 

will be as follows. 

ax- ax^ x' (a — x'f 
a 6n On 


Solution. 


•ar 



a 

"b 8» “ 2u’ 


Case 2. When the revetment 
posed to be !r: a, and its given slope r: -- . 


1 




In tins case the valne of the stability of the masonry will be 


a® 
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on that side of the vertical line, o m, can produce no eflPect viduKt* 
ever upon the revetment, we shall take no further noticed it. ^ 
Now it has been shewn, that the particle of earlh, o, has a 
tendency to move, unless supported, in any given direction, be- 
tween the points, m, and p; and consequently, if it is supposed 
to be supported througliout the whole of the above space,;^ it must 
act with a certain pressure upon every point of the fupporting 
mass. But its pressure will, of course, be greatest in tlm vertical 


but the value of each of tlic two ]>ortions of the supported earth will re- 
main the same, as in the former case. The statement of the question will 
therefore be, 

flar® (a — a:)* 

2 2n 6u 6/t 


a* a 

8 + + 3 ? - , 


Case 3. When the revetment is leaning, its given height being suf- 
posed to be r= a, and its slopes each rz — . 


Ill this case, after substituting p, as tbc value of the expression, 1 — 


£ 


o®x flap® 

the stability of the masonry will be represented ky — -f ; the fores 
of the stabiliiating portion of the supported earth will be represented bj 

flX® 

— ; and the force of the upper portion of the supported earth will 

Opn 

(ap—^xy 

be represented by — : so that the statement of the question will 


be, 


«®.f fl.T® 

^ T 



a*® (ap — a:) 3 

6pn 6pH 


Solution. 



ap 

2/i* 


According to these solutions, in profiles each 30 feet high, the value of 
Xt or the thickness of masonr}^ in a rectangular revetment, would be zz 
7-4109 feet: the value of .r, or the tliickness of masonry^ at bottom, in a 
sloping revetment, having a slope of one>fifth, would be z: 7*7404 feet, and 
the moan thiokness of the masonry would be equal to 4*7404 feet : whilst 
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direction, o m, livhich corresponds with the action of gravity : it 
will be the direction^ o p, which agrees nearly with the 

natural slbpe^C'Und in any intermediate direction, such as n, it M ill 
act with greater force than in the direction, p, but M'ith less force 
than in the direction, m. Rut on inspecting the figure,»it will be 
evident, that the whole of the pressure, exerted by the particle of 
earth, o, upon that portion of the supporting mass, which lies 
between ll^e points, m and a, acts upon the stabilitating mass of 
earth, and in all probability acids to its power of strengthening the 
revetment. It will also be eviden.t, lliat the vvhole of the pressure, 


the value of .t, or the l]iH‘bne*«s of masonry, incasiired liortzonlally^ in a 
leaning revetment, also .s(ip|f 0 .scd to have .slopes of one-fitili, would he zz 
4*8755 feel. 

The theory, which has jiiiit been i-liitcd, occurred to me, k(k>ii at'le* I 
discovered the very erroneous nature of the common hypothesis as to the 
pressure of earth upon revetments ; and the resiills, ohfainpd from the 
solutions, even appealed to agree with some of our first expennients. but 
on reflecting fintber upon the subject, and on trying more exjicriiiicnts. on 
a larger scale, and with a more perfect apparatus. 1 found that this tlicorv 
also rested upon an imperfect hypothesis, although certainly much ic;.s 
objectionable than the common one. I do not Ihciefore rceomincnd that 
the method of estimating the strength of counlorscarp revetments, which 
has hceij explained in this note, should be followed in practice ; nor do I 
vouch for the accuracy either of the above solutions, or of others, that might 
be obtained by applying the same principles to scarp revel rtieiils, demi- 
revetments, &c. But upon the whole I judged it best to introduce them, 
although not strictly accurate, because to tb(»se readers, w ho may not have 
studied any of the common theories of revetments, the above w ill serve as 
a specimen of the maimer, in which mathematical writers have usually 
attempted to reduce this subject to a matter of calculation. 

As the more correct theory of revetments, which is afterwards laid down 
by me in tJie text, and corroborated by experiments, is founded upon a hypo- 
thesis of a more complex nalnrc than the above: hence arisi's the difticnlty, 
which, as f said, there will jirobably be, in solving it inatliematicrdly, by any 
convenient formula, likely to be practically useful ; for even in calculating 
according to the very simple hypothesis assumed in this note, if wc hud iir»t 
supposed the speciBc gravity of the revetment and of the siijiportcil earth 
to be equal, solutions of a simple nature could not have been ubiaijjcd. 
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exerted by the same particle, in the direction of my poui^ such 
as n, which fails within the base of the revetment, i^iist neces- 
sarily tend to add stability to the masonry ; so that fh^^ohly part of 
tlie pressure of the particle, o, which tends to overset the revet- 
ment, is that which is exerted in the direction of some point, 
such as p, which fails without the base of the wall. 

From hence it follows, that the strength of any profiles as the 
mass of masonry contained in the revetment, and as t^ stabili- 
tating portion of the supported earth, directly; both of which, in 
a revetment of any given description, whether rectangular, sloping, 
countersloping or leaning, will evidently increase in proportion to 
the base or mean thickness of the masonry : so much so, that by 
adding to the said thickness, the upper portion of the supported 
earth, which is the only part o£ it that can possibly tend to weaken 
the revetment, may be made entirely to disappear ; and this case 
hliall be considered the first, out of four distinct cases of revet- 
ments, that shall now be explained. 

Case I. For example, in the annexed figure, if we suppose, 
abed, to represent a counterscarp or gorge revetment, whose 
base is equal to its height, the dotted line, d b, drawn from the 
front of the base, parallel 
to the boundary line, ac, 
will not, as in our former 
figures, cut off any portion 
whatever of the supported 
mass of earth, a b c ; and 
consequently the whole of 
the said mass must add 
stability to the revetment, so that the masonry will become 
much stronger and more capable of resisting any power, that 
may have a tendency to overset it, after beigg backed with 
loose earth, than it was before. And in a profile of this kind, 
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it will be evid^t) from the principles before laid down^ that 
by increas^g tile quantity of loose earthy pressing upon the back 
of the revetiiifbt; as for example^ by raising it to the levels ni n, 
the stability of the profile will be increased in proportion ; but if 
die quantity of supported earth is diminished, as for example, by 
lowering it to the level, o p, then the stability of the profile will 
be diminished in proportion ; and the supposed revetment will be 
reduced to its weakest possible state, by clearing away the whole 
of the loose earth from behind it. 

Case 11. But in order to produce a similar effect, namely, that 
the mass of supported earth, in any profile, shall, upon the whole, 
add stability to the masonry, it is not absolutely necessary, that the 
base of the revetment should be equal to its height, or that the 
former should bear so great a proportion to the latter, as to cause 
the upper portion of the supported earth entirely to clisap])ear, 
as in our last figure. For although the upper poition of the 
supported earth, when such there is, in any profile, has al\va}s 
some tendency to weaken the revetment, yet it was before slicw'n, 
that even this portion does not exert the whole of its Juice to that 
effect, but a part of it only, the remainder of its force being employed 
in adding stability to the masonry, by pressing it downwards upon 
its foundation. And consequently, in those profiles, in which the 
base or mean thickness of the revetment are so regulated, that 
after the wall is backed with loose earth to the level of the top 
of the revetment, the upper portion of the supported earth bears 
a smaller ratio than usual to tiie stabilitating poition, it may 
happen that the stabilitating power, even of the former portion, 
singly, shall be very little inferior to its owiT oversetting power ; ' so 
that, upon the w'hole, the general result of the action of the total 
supported mass, upon the stability of the revetment, shall be similar 
to that of our former case. 

Thus, for instance, in the following figure, in which the mean 
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jaiickness of the counterscarp or gorge revetment, ab^ d^ is sup- 
posed to be rather less in 
proportion to its height, than 
in our last example, other par- 
ticulars remaining the same; 
it may easily be understood, 
that the small superior por- 
tion, g b f, of the supported 
mass of earth can, of itself, 
have very little power of weakening the masonry, even if it were 
not counteracted in that tendency, by the much superioi* poyver of 
the stabilitating portion, a g f c ; and therefore the same general 
conclusion will hold good in this, as in our former case: that is to 
say, the revetment, abed, will be in its weakest possible state, 
when there is no earth pressing upon it : its strength will be greatlj 
increased by backing it in with loose earth to any given continued 
horizontal level, such as b c, and it may be still further increased, 
but cannot be diminished, by adding to the quantity of loose earth, 
as for example, by raising it to a higher level, m n o. 

In the case, which has just been stated, it is to be observed^ that 
although by increasing the height of loose earth from the level, 
be, to m o, the upper portion, g b m n, may no longer bear a 
very small ratio to the stabilitating portion, a g n o, as before ; yet 
by reason of the natural slope, b ni, the additional mass of earth, 
b m D f, w hich becomes a part of the upper portion, is thrown so 
much to the rear of the revetment, as to exert a very considerable 
part of its pressure upon the base of tlie wall in a manner favour- 
able to stability,^ 

Case III. By reducing the proportional mean thickness of 

* In reflecting upon this subject, it occurred to me, that there might be 
eases, in which the stabilitating power of the upper portion, g b f, of the 
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iSKSOiiiy of aw, counterscarp revetment, a certain degree less than in 
ouri^coM 8U|^position, other particulars remaining the same, it may 
happen, Ae strengthening and oversetting powers of the 
supported mass of earth may become exactly equal, so as to cancel 
each other, like equal and counteracting weights in an opposite 
pair of scales. When such is the case, although the weight of 
earth pressing upon the revetment may be very great, its effect in 
regard to the stability of the profile will be null, so that precisely 
the same power will be capable of oversetting the revetment, when 
backed to its proper height with loose earth, w hich would have been 
capable of oversetting it, before any earth whatever was applied 
to it. 

Case IV. If we suppose the mean thickness of masonry of oui 
counterscarp revetment to be reduced, in a certain degree less tlian 
ill our^last supposition, other particulars remaining the same; it 
will then happen, that the upper portion of the supported earth 
may exceed the stabilitating portion in magnitude; and at the 
same lime, that its own oversetting power may be considerably 


suppoi'tcd mass, might exceed its own oversetting power: so tliat, even the 
upper portion, considered singly, might tend, upon the whole, rather to 
strengthen, than to \veakcn the profile. On trying various experiments, 
however, to ascertain this point, some of which sliall afterwards be noticed, 
we found that in loose soil, the upper portion of the supported mass does 
always appear to weaken the profile, more or less ; so tliat, for example, in 
our present figure, although the substantial rcvelinciit, abed, lias gi eater 
stability, when backed with Ibc mass of hiosc earth, a b o, ibaii if there were 
no earth at all applied to it; its stability would be still further increased by 
removing from the said mass, the upper portion, g b f, and leaving only the 
lower portion, a g f c, to press against the back of the masonry. In like 
manner, the same revcliitetii, abed, will have more stability, when backed 
with the mass of loose raith, abmo, than if there were no earth 
applied; but its stability will ho. greatest of all, when the upper portion, 
gbmn, of the said mass is re moved, leaving only the lower portion of 
it, ag n 0, to act upon the back of the masonr}. 
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greater than its strengthening power. When such U 
]’evetmcnt will be much weaker when backed with loose ^urth^ 
than if there were none ; so that it will overset at % ciicStain height 
by the mere pressure of earth acting upon it ; blit even in this 
case, as in our former ones, some portion of the supported earth 
will always tend to give stability to the masonry. 

For example, abed, in the annexed 
figure, may represent a counterscarp revet- 
ment of this description, which is so pro- 
portioned, that after backing it with 
loose earth, to the level, e c, of the top of 
the masonry, it will barely be able to resist the pressure ; by 
reason of the great ratio, which the superior portion of the sup- 
ported earth, g b f, bears to the stabilitatiiig portion, a g f c, as 
well as on account of the inconsiderable power, which either of 
them can exert upon so small a base, as that of our present 
revetment. In a profile of this description, any tlie least addition 
to the quantity of loose earth, pressing on the back of the revet- 
ment, as for example, by raising it to the level, m n, would instantly 
overthrow^ the wall. If, on the contrary, we suppose the quantity 
of loose earth pressing upon our counterscarp revetment to be 
climinislied, as for example, by lowering it to the level, r s, its 
oversetiiiig power will also be diminished in proportion, so much 
so, that the action of the loose earth may come under the third 
case ; that is to say, the revetment may neither gain nor lose in 
stability, by being so loaded. Again, if we suppose the quantity 
of loose earth to be still further diminished, as for example, by 
loweiing it to the level, o p, the upper portion, g o q, of the 
ciipported mass, may then bear so small a ratio to the stabilitating 
portion, a g q p, that the circumstances may come to agree with 
those of our second case ; that is to say, the revetment, when 
backed to the level, o p, will become somewhat stronger, than if 
there were no loose earth pressing upon it. 
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Having mow stated die four general cases of revetments^ it is to 
be Fefnarke^<l||||at the two former are not suitable for practice, as 
th^ evidenHy Imply a much greater strength of masonry, than can 
be necessary, for supporting the pressure of loose earth acting upon 
diem,. The third case, or even a profile in some degree weaker, 
is suitable for revetments without counterforts, when such arc 
used. The fourth case, in which the masonry is barely capable 
of resisting the presisure of earth acting upon it, may, by the 
addition of well-propoitioned counterforts, be rendered sufficiently 
strong and fit for practical purposes. 

With regard to the effect produced upon tlie stability of partial 
revetments by a berm, it may be observed, that ibis also will, in a 
great measure, depend upon the proportion which the base or 
mean thickness of the masonry bears to its height. If the pro- 
portional thickness is inconsiderable, such profiles will be stronger, 
by allowing them a berm ; but if their proportional thickness 
Aould be increased beyond a certain limit, they will then be 
stronger without one. 

For example, in the annexed figure, if we suppose the mean 
thickness of the revetment, a c b d, to be so small, in proportion 
to its height, that it is barely strong enough for resisting the pres- 
sure of loose earth, when raised 
to the level, c c, of the top of 
the supposed masonry; it will 
be evident, that after allowing a 
berm of sufficient breadth, such 
as b f, the mass of loose earth 
may be increased, by raising it 
to any given height, n o, above 
the revetment, uitliout prejudice to the strength of the profile; 
for by this arrangement the additional mass of loose earth, fiioc, 
may be thrown so much to the roar, as to act solely upon, and to 
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'f' 

eo-operate with^ the stabilitadiig portion, agfe, of tlie ong^nal 
supported mass pressing upon the revetment, the c^ffect 6f whicii 
will be favourable. But if the loose earth were to be 

raised to an equal height, m n o, above the same revetment, without 
allowing any berm; then so great an additional mass, bhmnf, 
will be made to co-operate with the upper portion, gc f, of the 
original mass of supported earth, that the revetment will be 
unable to resist their united efforts, tending to overset it. With 
respect to the small additional triangle, c b h, it is triie, that by 
pressing vertically downwards, upon the top of the revetment, it 
acts with its whole w'eight in a manner favourable to stability ; 
but in thin profiles, like that which is now under consideration, 
this triangle forms by far too inconsiderable a portion of the total 
additional mass, b m n f, to be of any effectual assistance to the 
revetment, which, if loaded with loose earth to a certain height, 
without allowing a berm, must necessarily fall, as was before asserted. 

To illustrate more fully the principle which has been stated, in 
a second figure, drawm similar to the former, in other respects, 
let A C B D represent a new' revetment, w'hose mean thickness 
bears a much greater ra- 
tio to its iieight, than that 
w hich has just been com- 
jiientetl upon. Then it 
will be evident, that if 
the loose earth pressing 
upon this new revetment, 
should be raised from the 
level, C E, to the height, N O, allowing a broad berm, such as 
B F, the additional mass, F N O E, will act upon and be made 
to co-operate with the stabilitating portion, A G F E, of the ori- 
ginal earth pressing upon the revetment ; and this, according to 
the principles before laid down, will tend to increase the stability 
of the profile, in a certain degree. But if the earth should be 
raised to the same height, M N O, without allowing any berm. 
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flu streogili o{ die profile will be still further increased ; fur the 
additional trifMS^e, C B H, acting vertically, which in our former 
profile wf^ l^^ificant^ will^ in our new profile, by reason of the 
greater thickness of masonry, become so considerable, as to have 
tery great power in preventing the revetment from oversetting ; 
whilst, by the same reason, the remainder of the additional mass, 
C H M N F, although bearing upon the superior portion, G E F, 
of the originally supported earth, will be thrown so much to the 
rear, as to press with a consideiable force, and with an effect also 
favourable* to stability, upon the base, A D, of the revetment. 
Thus, upon the whole, our present substantial profile, A C B D, 
if used as a partial revetment, will be stronger without a berm 
than with one. 

From the same reasoning, it will be obvious, that when a par- 
tial revetment, of inconsiderable thickuess, is constructed with 
counterforts, a contrary effect may be produced upon tlie several 
portions of the profile, by the use or disuse of a berm. For ex- 
ample, the revetment itself, in general, may be weakened, by 
raising the loose earth over it to a ccr^n height, without allowing 
a berm ; whereas, those particular Ninons of it, that are sup- 
ported by counterforts in rear, may, by reason of their superior 
depth or general thickness of masonrj^ be greatly strengthened, 
in consequence of the same construction. 

We shall next take into consideration the peculiar effect produced 
by counterforts in strengthening a revetment. In this inquiry, the first 
obvious principle, w hich naturally presents itself, is, that, as far as 
regards the pressure of loose earth in rear, only, in any revetment, 
constructed with counterforts, those particular portions of the ma- 
sonry, which are supported by a counterfort, will have a stability 
equal to that of a simple profile, of the same height, without coun- 
terforts, whose thickness shall be equal to the total thickness or 
^yijpth of masonry, contained in the first revetment, and in one of 
ks counterforts, added together. Thus, for example, in an- 
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nexed sketch, which represents the foundation plan oY a iriedadl'^ 
gular Wkll with counterforts, if we suppose the height tp be 26 
feet ; the thickness, a c, of tlie revetment, to be S fect{ and the 
length (c e) of the counterforts also to be 5 feet ; it will be evident, 
that as far as regards the pressure of loose earth acting imme- 
diately in rear of it, the stability of any portion, e a b f^ of the 
profile, which includes a counterfort, will be the same as that of 
a similar portion 
of another rectan- 

gular profile, W'ith- r 

out countorfoi ts, al- .. 

so 20 feet high, but 
having a thickness 
of 10 feet, which 
is equal to the total thickness or depth of masoniyr, a e, contained 
in a continued section, taken from the front of the revetment, re-* 
presented in our present figure, through one of its counterforts. 

But it is further to be remarked, that in all revetments having 
counterforts, the pressure of loose earth retained does not only afct 
upon the rear, but also upon the sides of every individual coun- 
terfort, such as, c e f d, in our figure. For example, if we sup- 
pose the points, o, m, and n, to be equally distant, the former 
from the rear, the two latter from the sides of the said counterfort, 
they may represent loose particles of the retained earth, situated on 
the same horizontal level, at^a considerable height above the base 
of the masonry. It is almost needless to repeat, vvhat was before 
observed, that loose earth has a tendency to act in a circle, in every 
direction, but alw^ays at a certain angle downwards ; * conse- 


* The scope of action of a particle of shingle or loose earth, may be 
represented by an upright cone, of iiidcniiitc depth, of ^hich the said 
particle is supposed to be placed at the vcrlcv ; and whose sides slope in 
such a manner, that in a vertical section, Ujc angle at the vertex sbatl either 
be a right angle, or a little greater. 


A 


n 
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^uently, the two particlesi, m and n, will not only press against 
tfie bac|c of revetment immediately in front of them^ hut also 
against c e, and d f, of any counterfort such as^ c e f d, 

which is to the right or left of them^ upon which they will each 
ac^ with a force equal to that^ wherewith any equidistant particle, 
o, acts against the back of it. But it must be evident, that the 
pressure, exerted by the particles, m and n, on opposite sides of 
the counterfort, cannot have the least tendency to overset it : on 
the contrary, these particles jam or grasp it between them with great 
force, in the same manner that a blacksmith’s vice grasps the sides^ 
of a piece of iron ; and as the same reasoning w hich applies to any 
individual particles, such as, m, n, and o, applies to all other parti- 
cles, composing the total mass of retained earth ; it follows, that 
whatever tendency there may be in the pressure of loose earth 
acting on the back (e f ) of any counterfort (c e f d^ to overset the 
profile, this tendency is powerfully counteracted by the pressure 
of the same material, acting upon the sides of it (c e, and df). 
And, from these considerations, it wdll appear, that in a revetment, 
built with counterforts, the stability of any portion (e ab f) of the 
profile, which includes a counterfort, will not merely be equaj to, 
but will be mucli greater than, the stability of an equal and similar 
portion of another revetment, built without counterforts, but of 
the same height, and having a thickness of masonry (a e) equal to 
the total thickness or deptli of masoniy, contained in a continued 
section, taken from the front of the first revetment through one of 
its counterforts. * 

Here it may be remarked, that this is another part of their sub- 
ject, in which ail the theoretical w'liters upon revetments have 


* In consequence of the g^eat additional stability, arising from the 
pressure on the sides of counterforts, it will often happen, that a revetment 
^ any given thickness (such as 5 feet), and having counterforts of a given 
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fallen into error ; for none of them have taken the least notice of 
the pressure of the supported earth, upon the s^e^ of counter- 
forts, ^vhich has been shown to act in a manner so |j^ f^ourable 
to stability : and accor<lingly, iu consequence of ftis omission, 
the various theories of revetments, that have hitherto been 
published, if applied to profiles with counterforts, ^idd results 
still more glaringly erroneous, than when they are applied to simple 
profiles without counterforts. 

Having thus explained the various effects produced by t!ie pres 
sure of loose earth ui)on revetments ; having showm, that this 
pressure does not always tend to overset or weaken, but that, in 
certain cases, it may greatly strengthen a profile ; having also shown, 
that, in some cases, a berm may be prejudicial to the stability of a 
partial revetment; both of which positions are equally contraiy to 
received opinions ; and having lastly ex])lained an important advan- 
tage, arising from the use of counterforts, which appears to have 
been hitherto entirely overlooked ; 1 shall remark, that although 
the truth of these new principles upon the subject of revetments, 
will probably appear sufficiently obvious, from what has already 
been said ; yet I conceive, that it w'ould be a vain task to attempt 
to determine, by reasoning or calculation alone, what particular 
dimensions ought to be given to a profile of a certain description, 
in order to bring it exactly under any one of the various cases of 


length (which we shall also suppose to be 5 feet), may gain in stability by 
being backed with loose shingle to any given lieiglil : wdiilsi anotlier revet- 
ment, without countcnbrls, of the same height, and having a thickness (of 
10 feet, which is) ecpml to the total depth of masonry in the strongest 
parts of the former, will not gain, but lose, in stability, by being backed 
with shingle to a similar height, and under similar circumstances. 

The truth of this observation will be proved by refemng to the tables of 
experiments with shingle afterwards given, in which compare experiment! 
109, 110, 111, 11^, lia, in Table IV, with experiments ^62, 63, 64^ 65, 
66, in Table 111. Compare also experiments 119, 120, 121, 122, 123, in 
Table IV, with experiments 72, 73, 74, 75, 76, in Table HI, &c. &;c. 

VOL. n, o o 
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revetments, which have been discussed. And therefore, ivithout 
enlarging upon general principles, I shall now proceed to 

state the,^^ji^|ariinents before alluded to, which were rccenlljr 
tried, at Chatham, under mj directions.* 

A certain number of wooden cases, which shall afterwards be 
more particularly described, were prepared and filled with rammed 
earth, so as to weigh about 84 llis. per cubic foot. They were 
all three feet long, and most of them 26 iuches high, but their 
mean thickness and slopes differed, in order that they might repre- 
sent revetments of various kinds and proportions. Most of our 
experiments upon these models we re tried with loose shingle per- 
fectly dry, which when thrown up to the height of 5 feet assumed 
a slope, whose base was about 6 feet 3 iuches. At smaller 
heights it might be made to stand a little steeper, but in no case at 
a less slope, than that of 1 to 1. A cubic foot of this substance 
weighed 89 lbs. 

When any experiment was to be tried, one of the models w as 
placed on its base, in the position, A, upon a smooth plane of 
wood, b c, as represented in the annexed figure. To the back of 
the top of the model was fixed one end of a string, which after 
passing horizontally over a pulley, d, bung down and supported a 


♦ They were commenced by l.icat. IMontgomciy Williams of the Uo>al 
Engineers, with a select partv of intelligent non-rommissioned oflieers 
and privates. That oflieer tried personally nearly the whole of the expe- 
riments with shingle rontained in the hrst .seven Tables, aHcr which, on bis 
being removed to another station, I gave the eharge nf the party to Ser- 
jeant Daniel O’Bryen, w^ho hud prc^iotisly assisted laent. Williams, and 
who completed the remuinder of the expciiments rctrorded in this chapter, 
witli the exception of some that were tried by Serjeant Foster Taylor. 
The same process was in all cases repeated several times, for the sake of 
accuracy, taking the meaii of tli<j various results, as tJie definitive conclu- 
sion to be drawn from eac.h e\])erjiiient. I was frctpiciilly present, and am 
satisfied as to the accuracy, with whifdi the various trials were made. 
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scale; E; for holding weights. After the model was thus alranged, 
a trial was first made; by means of the scale, to ^cei^ain what 
weight was required to overset it, without any s^l^le or loose 
earth being applied to it. This being done, the model was then 
replaced in the same position, and backed with shingle to a cer- 
tain height; according to the nature of the proposed e>^p^iment ; 
and if it did not overset in consequence of the pressure, thus act- 
ing upon it, weights were put into the scale, as before, in order to 
ascertain the increase or diminution of stability caused by the 
shingle. 

It is to be observed, that a rough board, f g, sloping at ai) angle, 
of rather less than 4o degrees, was placed about one foot in rear 



of die bottom of die model : so that in whatever mode the nTass 
of shingle might be applied to the supposed revetment, it was 
always bounded and supported in rear by the board. This was 
done ill order to save the men employed from unnecessary labour, 
;n throwing up a superfluous quantity of that material ; it being 
evident that no part of the mass of shingle, w hich was behind the 
dotted line, h i, drawn parallel to f g, could possibly affect the 
revetment. For the same reason, the space, in I'fhich the shingle 
was thrown up, was bounded, on each side, by two smooth planes of 

0 0 2 
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wood work| placed vertically and parallel to each other, oue of which 
is sliowi^Q 4^ation by the rectangle, h k g c ; their distance apart 
being ab(hii:|^ feet 1 inch ; that is to say, a small degree more than 
the lejogth of each model : and great care was taken, in every experi- 
ment, diat the model should not be prevented from falling, by any 
particles of shingle getting jammed between die ends of it, and 
the above planes; for which reason it was placed immediately in 
front of, but yet as near to them, as possible, in the manner 
shown in the figure.’’^ By reason of the small height of our mo- 
dels, it was necessary to dig a hole in front, in order to make room 
for the free action of the scale and weights. All our experiments 
were tried under cover, this precaution having been found essen- 
tial to accuracy. 

The first set of models made, represented by the letters, 
a, b, c, and d, in the annexed figures, were all 26 inches high ; 
had a thickness or mean thickness of 4 inches, and weighed each 
of them 182 lbs. The model, a, represents a rectangular revet- 
ment ; b, represents a countersloping revetment, having a counter- 
slope of one fifth ; c, represents a sloping revetment, having a slope 
of one fifth ; and d, represents a* leaning revetment, also having 
slopes of one fifth. 



On tiyring the stability of these profiles, in the manner before 
dc;iscribed, we found that the rectangular model, a, required a 


* When counterslopiiig or leaning models were used, small triangular 
pieces of plank, cut so as to correspond with the slope of the back of the 
supposed revetment, were added to the lower part of the front, h k, of 
each of the wooden planes. 
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weight of 12 lbs. to overset it ^nthout shingle; but on backing it - 
with that material^ in order to represent a countersciip revet*, 
nieiit, it fell of itself without any weight being usef^^^as soon, as/ 
the shingle was raiT^ed to the height of 22 inches above the 
base, that is to say, 4 inches lower than the top of the 
model. (Secj in the folloxcing Tables of Experiments, Tab^l. 
Exp, No. 1.)* 

The stability of the countersloping model, b, without shingle^ 
proved to be 12j lbs. On backing it so as to represent a counter* ' 
scarp revetment, it also fell of itself, without using any weights, 
as soon as the shingle was raised to the level of the top of the 
model. (See Tab, I. Exp. 11.) 

The stability of the sloping model, c, without shingle, proved 
to be 27 lbs. When backed to the level of the top of the model, 
so as to represent a counterscarp revetment, it required a weight 
of lbs. ill addition to the pressure of the shingle to overset it. 
The original stability of this model being therefore equal to 27 lbs. 
and its stability as a counterscarp revetment only lbs.; it fol- 
lows, that the stability lost, in consequence of the pressure of 
the shingle, may be estimated at 21} lbs. (Sec Tab. 1. Exp. 5.) 

The stability of the leaning model, d, without shingle, was 


* In oiir various experiments witli shingle, the models were always ob- 
served to move a little, after the application of a certain weight, which 
howev('r proved incapable of oversetting them. The weight required to 
move any model, in the manner alluded to, in a small degree out of its 
original position, which was done by pulling the top of it forwards, whilst 
the front of the base appeared to remain at rest, amounted usually to 
about tbrcG fourths of the total weight, or even more, when the models had 
counterforts attached to them ; but when tried without counterforts, the 
w'cight which first l|^oved our models, was, in general, rather less than tw'o 
tliirds of the oversetting weight. It did not, however, in any case, &11 
short of one iiulf of the latter. Several intermediate movements or 
changes of position usually took place, between tlie first ihovemcnt-^and 
the fall of our models. 
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25 lbs.;* but «8 a counterscarp revetment its stability proved to be 
only 11^. ; jiip that the stability lost in tliis profile, by reason of 
the.shui^l^^^peared to be 16| lbs. (See Tab. 1. Exp. 8.) 

% 

From llie above experiments^ we concIiiJed, that any profile 
without counterforts, even having so considerable a slope as one 
fifth, whose mean thickness is two thirteenths of its height only, 
will not by any means be strong enough, either for a gorge or 
counterscarp revetment, in fortification, or for the retaining wall of 
a wharf. Sic., in civil works. We therefore had a new set of 
more substantial models made, also <2() inches Ingh, but having a 
thickness or mean thickness of 8 inches. Fach of these new mo- 
dels, being double of the former in cubic contents, weighed 
S64 lbs. 

On trying tlie new lectangiilar profile, whose dimensions Iia\e 
just been stated, its stability without shingle was 47 lbs.; but on 
backing it with that material, so as to represent a counterscarp 
revetment, in the manner shown in fig. e, its stability proved to be 
only lbs. ; the loss of stability, occasioned by the pressure of 
the shingle, being therefore equal to 1 7 lbs. ( See Tab. II. E.rp. 43.) 



We next tried the same rectangular model, as a scarp rev< i- 


* That is to say, its stability- as opposed to a pressure in rear- In a 
contrary direction, by reason of the smaUnu.ss of its base, it had none, but 
even required some suppen t to prevent it from falling. The same happened 
in one of our other leaning models, in which the tbickne.ss was so ineonsi- 
derublc, that a vertical line, drop! from Iha centre orgra\ily, also 1( 11 
without the base. 
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merit without a berm, heaping shingle above it, in manner 
shown ill fig. f. As soon as this material was ri|3iiM|24 intliea 
higher than the top of the supposed revetment, din model fell/ of 
itself, by the pressure of the shingle, without any weights bein^ 
used. ( See Tab. II. Exp. 44.) 

On allowing a berm of 8 inches, the stability of the same rec- 
tangular model, w'hen the shingle was raised 30 inches higher than 
the top of it, in the manner show'n in fig. g, proved to be 14 lbs. 

And on afterwards raising the shingle to the height of 60 inches, 
with a berm of the same breadth, in the manner shown in fig. h, 
the stability of the model proved to be 13 lbs. (See Tab. 11. 
Exps. 45 and 46.) 

We next tried the countersloping model, whose height was 26 
inches, its mean thickness 8 inches, and its counterslope one fifth 
of the height, under the several following circumstances : 

First, we ascertained its stability without shingle, which proved 
to be 51 lbs. 

Secondly, w'e tiied it as a counterscarp revetment,, by backing it 
with shingle, in the manner represented by fig. i, which being 
done, its stability proved to be SO lbs. : so that a countersloping 
model of the above description appears, in this case, to gain an 
additional stability of 29 lbs., in consequence of tlie pressure of 
the loose shingle acting upon it. 



Thirdly, we heaped shingle over the top of tlie model to the 
height of 30 inches, without a berm, in the manner shown in 
fig. k, which being done, its stability proved to be %0 lbs. 

Fourthly, we raised the shingle as before to the height of 30 
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inches over the top of the model, but left a berm of 8 inches, as 
in %, 1. & %is case the stability of the profile proved to be 

82 lbs. ^ ' 

Fifthly, we raised shingle over the model to the height of 60 
inches, without a berm, as in fig. m, and found that the stability 
in this case was 6i lbs. 

Sixthly, we raised the shingle, as in the preceding experiment, to 
the height of 60 inches, but left a berm of 8 inches, as in fig. n, 
which being done, the stability of the profile proved to be 80 lbs, 
(For the last-mentioned ErperimeHlSf see 'Fab. Ill, Exps. 72, 73, 
74, 75 and 76.)^ 

We then tried the sloping model, whose height was 26 inches, 
its mean thickness 8 inches, and its slope one-fifth, under pre- 


* In experiment i, the weight of shingle acfiiaily supported by and 
pressing upon the back of the model, may be estimated at 908 lbs. ; but in 
experiment ri, it may be estimated at 4890 lbs. : hence, as the model itself 
weighed only 364 lbs., our supposed revetment was loaded, in one case, 
with about 2 ^ times its own wTigbt of shingle, and, in the other, with more 
than 13 times its own weight of shingle, and yet in both eases its stability 
proved much greater than it had been before any pressure whatever was 
applied to it; and in both eases, too, tbe stabiliiy was found to be equal, 
although the pressure of the loose material, in the one case, exceeded that 
of the other in a live-fold^ ratio. The above icsults expose, in the strongest 
light, the very erroneous nature of the commonly received hypothesis, ac- 
cording to which, the profile, n, as compared with the profile, i, ought to 
have had no stability whatever, unless the dimensions of the supposed re- 
vetnient bad been increased in proportion to tbe excess of pressure. 

Acconling to Vauban's rule, for example, which was before stated in page 
533, whatever thickness might be proper for the supposed revetment, used in 
fig. i, that tbickness ought to have been increased by one fifth part of 60, in 
order to produce a profile proportionally strong, for tbe paiiially reveled 
figures, ID, and n. Consequently, as tbe model, i, has a mean tbickness of 8 
inches, tbe model, n, ought, by the above erroneous bypolhesis, to have 
had a mean thickness of no less than 30 inches, in order to possess a 
stability equal to that of the former. 
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ciseiy the same circumstances as the last, and found the feltowing 
results : . 

• V 

Its stability without shingle proved to be 85 lbs. 

, J-* 



Its stability, as a counterscarp revetment, as in fig. o, proved to 
be 77 lbs. 

Its stability, with 30 inches of shingle over it, and no berm, 
as in fig. p, proved to be 60 lbs. 

Its stability, with 30 inches" of shingle over it, and a berm of 
8 inches, as in fig. q, proved to be 63 lbs. 

Its stability, with 60 inches of shingle over it, and no berm, at 
in fig. r, proved to be 64 lbs. ^ 

And its stability, with 60 inches of shingle over it, and a berm 
of 8 inches, as in fig. s, proved to be 65 lbs. ( See Tab* IIL Exps* 
62, 63, 64, 65, and 66.)* 

Wc next tried the leaning model, whose height was 26 inches, 


* As a second example of the gross practical errors, to which the common 
hy pothesis of the pressure of earth upon revetments may lead, 1 shall re- 
mark, that if the dimensions necessary for a partially reveled profile, such 
as s, having a berm equal in width to the. thickness of masoniy, had 
been calculated according to the theory of Professor Muller, the sloping 
model used, instead of 8 inches, which proved to be sufficiently strong, 
ought to have had a mean thickness of about 40 inches, which H mom 
than times its height; and, in addition, it ought also to have had coun- 
terforts, 6i inches long, and placed at central intervals of four timei their 
width apart ( See Muller's Practical Fetii/uation, Seetwn I.) 
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itvhoriioiital tfaicliiess 8 inches^ and its slopes equal to one-fifth of 
the faeightJklMl found the following results : 

Its stabiufy without shingle proved to be 86 lbs. 



Its stability^ as a counterscarp revetment, as in fig. t, proved to 
be 110 lbs. 

Its stability with 30 inches of shingle over it, and no berm, as in 
fig. u, proved to be 67 lbs. 

Its stability, with 30 inches of shingle over it, and a berm of 
8 inches, as in fig. v, proved also to be 67 lbs. 

Its stability, with 60 inches of shingle over it, and no berm, as 
in fig* \v, proved to be 68 lbs. 

And its st&bility, with 60 inches of shingle over it, and a berm 
of 8 inches, as in fig. x, proved to be 62 lbs. (See liable 111- 
Exps. 67, 68, 69, 70 and 71.) 

From the above experiments, with the laiger kind of models, 
that have last been described, we concluded, that in w alls without 
counterforts, whose mean thickness is equal to four thiiteenlhs of 
die height, the rectangular profile is strong enough for a counter- 
scarp or gorge revetment, or for the retaining wall of a wharf, 8cc. 
but that it is too weak for the scarp revetment of a work of forti- 
fication; whilst by reason of the gi eat additional strength, produced 
by slopes of one fifth, the other forms that have been taken into 
consideration, namely, the countersloping, sloping, and leaning 
profiles, of the same cubic contents as the former, arc each fully 
strong enough, not orily for cotmlei scarp or gorge re\ctments, but 
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also for demirevetments or partial scarp revetmentsi bairiDg earttien 
slopes of any given height, whether with or without above 

the masonry. 

Having thus ascertained, that the first set of models were too 
weak to represent a well proportioned revetment, and it appearing 
probable, that the second set might be stronger than was abso- 
lutely necessary for that purpose, we next tried a third set of 
models, also ^6 inches high, but having each a thickness or mean 
thickness of 6 inches, so that they were exactly of a medium size 
between the two kinds, that have been already described. These 
were also rectangular, coimtersloping at one fifth, sloping at* one 
fifth, and leaning at one fifth. Afterwards, in order to ascertain 
the difference of stability that would be caused in the several 
sloping profiles, by diminishing the slope from one fifth to one 
eighth of the height, w'e had other models made according to the 
last mentioned slope, but corresponding with the former models in 
lieigiit and mean thickness. Lastly, to each of the several models 
that have been enumerated, we fixed a couple of rectangular coun- 
terforts, made of the same materials as the models themselves. 
These were all 26 inches high, and generally 4| inches w'ide, and 
placed at central intervals of 18 inches apart, and were likewise 
generally, but not always, equal in length to the mean thickness 
of the model, to which they were attached ; so that the weight of 
the counterforts, added together, w'as, in most cases, one fouith of 
the weight of their supposed revetment. The stability of each of 
the new profiles thus formed, was also tiied with shingle, at various 
heights, both with and without berms, in the same manner, and 
under the same circumstances, as the former. 

In order to enable the reader to form a clear general view of 
results, obtained by the numerous experiments alluded to, with- 
out fatiguing his attention by a detailed statement of the whole 
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^ them in words, 1 have thrown them into tlie form of tables, 
each experiment being numbered for tlie sake of reference. The 
column in Jlcti table, which marks the height of shingle or earth, 
dmotes the said height, as measured above the top of the model, 
supposed revetment; so that %vhen no number is placed under 
' ' that column, it implies that the shingle or earth is raised to the 
level of the top of the model, which accordingly vriil, in this case, 
represent a counterscarp revetment ; but if there should be any 
number written under that heading, with the negative sign — 
prefixed to it, it implies that the shingle or earth is so much lower 
tlianth'e top of the model. Tlie berm, when such appears, in any 
' of the experiments, is always supposed to be equal in width to the 
thickness or mean thickness of the supposed revetment. When, 
in any particular experiment, no number is written beneath the 
column of stability, it denotes, tliat the model fell, under the cir- 
cumstances stated in that experiment, by the pressure of the shingle 
rJone, without any weights being used. Those numbers in the 
tables, which denote weight or stability, are all in pounds : the 
dimensions are in inches. 

Having premised so much in explanation of the tables, I shall 
now proceed to lay the first course of experiments, that w^re made 
with shingle, before my readers. They are as follows: ^ 


• An idea also occurred to us of tning experiments of a similar iiatiiro 
Hi til small shot ; but on further reflection, we judged, that such experimentH 
rotild not lead to any useful pKictical re»Hult, because that material is miu;h 
Irmser, than any that can ever possibly press upon a real revetment. Wc, 
trifvefore, in conducting our general course of experiments, pitched upon 
ingle and rammed earth, as the two extremes; the former being the 
t >osesf,'and the latter the most tenacious kind of soil, that can occur in 
S' vJ piwctice. 
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TABLE 1. 


Mo<1els standing 
loose. '4^ 


Without Shingle. 


The Revetment’s 


*5 I H ^ i 

1 fl ^ £ 


Rectangular. 26 

Sloping at 26 

Leaning at 26 

Counter sloping at J. 26 


182 12 


Sloping at 


Leaning at L 


26 I 4 1 1821 27 


26 4 i 182 25 


Countersloping at ^ . 26 4 182 12^ 


Rectangular. 


Slopiug at I, 


Leaning at 


26 6 1 273 27 


26 6 2731 43 


26 6 I 273 46 


Count ersloping at J. 26 6 273 27^ 


Sloping at 


26 1 6 ! 2731 51 


With Shtngie« ^ 


-1 No 

— 1 • • • < 



3 No 
10 Yes I 


3 No 
7 Yes 


5 No 
5 Yes 


30 j No 
30 
60 
60 

> • • • 

30 No 
80 Yes 
60 No 
60 Yes 


Oi No 
12 Yes 

30 No 
30 Xes 
60 No 
60 Yes 


0 
0 
0 

0 

6 ^ 8 

0 9 

0 10 
0 11 
12 
0 13 

0 14 

23 15 

5 16 

14 17 

15 18 

15 19 
26 20 

5 21 

J2 22 

16 23 

14 24 

10 25 

0 26 
0 27 

35 W 
20 20 
29i 80 
18 31 

25 32 
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TABLE II. 
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Models standing 
loose. 


Sloping at J. 

Leaning at 

CouiUcrsloping at 

Sloping at J. 

Countersioping at J. 
Rectangular. 

Leaning at J. 
Leaning at I . 


TABLE HI. 


Without Shingle. 


The Revetment's 


I 

M 

ea 

O 

a 

y 

3 

H 

a 

a 

o 

ren 

<*2 

bn 

‘S 

Stability. 

26 

8 

3C4 

85 

26 

8 

301 

86 .| 

2C 

8 

304 


52 


728 

V 

lie ^ 

52 

8 

728 

( 

55 

52 

12 


112 1 

52 

12 

1092 

189 1 

52 

12 

1092 

230 1 


Witl 

"W) 

X 

Cm 

o 

- 4 -) 

ja 

_bD 

Shii 

aS 

s 

13 

H 

§ 
a? ' 

S 

II 

s 

kn 

V 

s 

1, 

1 

No. of the Experiment. 

j 

• • • • 

• • • ■ 

77 

62 

30 

No 


63 

lEtl 

Yes 

63 

64 

60 

No 

64 

6& 


Yes 

65 

66 

• • a • 

• • • • 

Hlf 

67 

30 

No 

67 

68 

30 

Yes 

67 

69 

60 

No 

68 

70 

60 

Yes 

62 

71 

• « • • 

• • • 

80 

72 

30 

No 

70 

73 

30 

Yes 

82 

74 

80 

No 

65 

75 

60 

Yes 

80 

76 

• • • « 

• V • 

37 

77 

4i 

No 

0 

78 

8 

Yes 

0 

79 

— 1 


0 

80 

• • • • 


18 

81 

5 

Yes 


82 

• • » • 

« • a • 


83 

36 

No 

0 

84 

60 

Yes- 

56 

85 

• • « 


133 

86 

30 



87 

60 



88 

60 
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TABLE VI. 


1k * 

Without Shingle. 

With blniigle. 

■** 

a 

Q» 

f 

Revetm^ 



d 

u 


s 

c 

V 



o 

fl 

u; 

e 


! 


i 





Q« 

Modefo standing 
loose. 


JS 

t 

AVidtIi. 

-s 

c 

» 

s 

•tiS 

W eight. 

£» 

!a 

tn 

u. 

c 

Tn 

S 

II 

A 

Z 

iS 

X 

a* 

€ 

(m 

o 

o 



& 



s 

V 



"S 

g 


A 



s 



U 




0) 

SQ 













73 

159 








i 

80 

No 

74 

160 

Reotongnlar. 

SO 

G 

4 

*i 

18 

409.’ 

00 / 

80 

00 

A IS 
No 

74 

73 

161 

,162 
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00 

\es 

7oi 

163 

1 











128 

164 








> 

30 

No 

141 

'U.'i 

Slicing at 

id 

8 

4 

*i 

18 

409’ 

99 ; 

30 

Ti es 

U4 

166 







/ 

60 

J\o 

118 

lior 








V. 

00 

Vev 

136 

,168 








r 



m 

!i60 








( 

la 

No 

133 

|l70 

Leaning at 

S6 

8 

4 

4i 

18 

409J 

101 ' 

so 

60 

Yes 

No 

116 

140 

1171 

|172 








( 

60 

Yes 

123 

1173 








.r 



150 

174 








\ 

80 

No 

160 

175 

CMmtenlopingl. 

id 

6 

4 

4i 

18 

409i 

62 ' 

30 

60 

^ CS 

No 

156 

160 
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177 
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( 

00 
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153 
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1 
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\ 

30 

No 

130 
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id 

8 

6 
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18 
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30 

00 

\es 

No 
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1 

1 


m 
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00 
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♦ 
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80 
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id 

8 

d 

41 

18 
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30 
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No 
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that it seemed to be fully proved by the abo\e 
Aat a mean thicknessi equal to four thirteenths of 
. was greater than could be required for revetments in 

I afterwards, with a view to render our course more com- 
^ j^eCCi bad three additional sets of models made, more substantial 
" eveii than the said proportion, eadi of uhich was, like the former, 
inches faij^, but of which one had a mean thickness of 10 
inches, another had a mean thickness of t2 inches, and the thiid 
bad a mean thickness of C2() inches. 

On trying the two first of these new models witli shingle, iri the 
manner before described, we found, that there was nut, by any 
ttmns, that general coincidence and regularity, in the various re- 
' snlts which had been remarked in our former cxpeiiments. But 
« trfien we came to try the diird and largest model, alluded to, the 
weight required to overset it, under precisely ttie same circiini- 
stances, varied exceedingly, in our difierent trials, the differeiice 
sometimes being not less than J 00 lbs. so that it w'as impossible, 
in any particular experiment, to choose a satisfactory mean number 
to express the average stability ; and independent of this irregu- 
larity, there w^as another peculiar circumstance, equally unsatis- 
factory, attending these new models ; namely, tliat they did not, 
like the former ones, gain in stability in piojiorliun to their mean 
thickness : so tliat, although the 8-iiich model had exceeded the 
6-iuch model, and the latter had exceeded the 4^iucli model, in 
proportional stability, the CO-inch model did not exceed the 12- 
inch model, nor did it even exceed the 18-inch model in propor- 
tionld stajbilit}.* 

After a few trials with the 2(>riuch model, the cause of this 

— ..^ r - r -'TT:: — — : 

* As aproof of the above jiirgularity, 1 shall remaik^ that, in pur various 
sloping models, having an cvtetioi slope of one fifth, when successively 
backed with sliingle, so as to represent counterscarp revetments, the a-iuch 
model lost abont four filths of its original stability ; the 6-incb model lost 
about one third of its original stability; the 8-inch model lost about ont 
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iiregulari^ was diaeovered ; for we observedi 
to move at to|»y which had always been the fiiatappaii 9 i|t 
prodaced by the action of the scale and weights upon 09$BWi 
small models^ this large one would usually slide forwards* inore 
or less^ upon its base* which tnovement necessarily produced a 
proportional change in the quantity of the supported enm of 
shingle ; so tliat* in the act of oversetting* the model waa« 4 ^|KMied 
to a variable add uncertain pressure of that mateiial* oot to a 
nearly uniform one* as appeared to have been the caeOictO 
eaperinients tried witii the smaller models. 

Now as actual i^vetments cannot possibly slide forwards* 
out falling* unless the foundation is excecdii^ly bad* in which caso 
due precautions either are* or at least always ought to be* taken to 
preveut this movement ; it appearisd to me* after proceeduig so fivT, 
that our experiments with shingle would not be conclusive* unless 
sinular precautions were taken to prevent all such of our models* 
as had that tendency, from sliding upon their base. 

lor this reason* 1 caused the wdiole of the experiments* that had 
l>cen made with our three large models* to be tried over again* 
picviously nailing dow'u a thin wooden batten* resembling a com- 
mon fiat ruler* upon the plane on which tliey stood. The section 
of the above batten was nearly in the form of a wedge* the edge 
of which came in contact with the front of the base of the sup- 


tcndi of its original stability; but the 10-inch model lost no stability. So 
far our experiments appeared to take a regular course, and from these data* 
it was reasonable to expect, that the IS and SO-ineb models would have 
gained slabjlit) liy being used as countersoarp revetments, instead of which 
tlie average stability, e\en of the latter, on being backed with shingle to the 
proper height, was less, by about one twentieth part, than its average 
stability before any shingle w^as applied. A similar irregufarity Was ob- 
servable, ou using the several cotintersloping models of the same 
sloDs. in a similar manner. 

* s 
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p waA iivas of mth inconsiderable tUckneas, thatji 
ifbibt Ibe model from sliding as required, it did not 

of it above one ei^tfa |iait of an incb. When 
we found, that the results of the new ex'periinenta 
||i^wdi our large models were no loiigor irregular and ussatis* 
before* 

, Afterwanh, 1 caused such of the smaller models, as had either a 
dope, or a etmiilerdope of otie fifth, ako to be tried a second 
time wtdi shingle, using the iskme precaution which has just been 
desorbed, to prevent them from sliding ; for, although we had not 
observed any movement of that nature, in the course of 
^|;^foinBer experiments, I conceived it possible, that it might 
Iksi^ taken place in a small degree, and yet eluded our notice; 
i^dftieidirly as our attention had not been at all directed to ascer- 
tein this point> for we did not apprehend, on commencing our 
course of experinients, that any irregularity was likely to arise 
from it. But what is remarkable, on using the battens, ki front of 
foe smaller models, instead of causing a greater uniformity in the 
results, a contrary effect was produced. For in all our small 
models, whose mean thickness was less than one fourth of their 
hmgfat, when tried as partial scarp revetments, without counter- 
forts, with the shingle raised 30 or 60 inches above the top of each, 
the results of these new’ experiments were more capricious even 
llian the former ones, since, in some cases, the same model would 
Uppear to have considerable stability ; in others, little or none. 
.But when used as counterscarp revetments, without counterforts, 
fop jl'gsujits werp always sufficiently regular and satisfactory, not 
oulfSH foe larger models, but also in such of the smaller ones, 
whose ttmiS thickness w'as not less than one fifth of their height. 

irregularitj’ was observable in. the sta- 
fcifity of our simH in^ even when used as counterscarp re vet- 
nsentk;’ wifoon^way foingle being applied IrigheT then the top of 
them. For foe irregularities that have been stated, as well as for 
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«tbers, in the new course of experiments, wbidrii 
may appear very extraordinary, I idiall not attempt to 
may be observed, howevm', ibat i have had them in 
wards framing the general rules for the dimensions acaip aidp^ 
counterscarp revetments, towards the conclusion of ^ttiis chaptorj^;!^ 
in which 1 might have recommended rather thinner proifi|($alhaRa J ' 
have actually done, had th^ results of those experimento^vAM^ere 
tried with the small models, proved less capricious aim * contra-* 
‘dictory.* ^ ‘ ‘ 

The new course of experittients with riiingle, which 
ducted in such a manner that the models could not po8sibly.£U|i^ > 
forwards upon their base, shall now be laid before my reaAe^i^ 


the same clear and compendious form of tables, which has'triSini 
already adopted^ Thus, having a complete and frithful accoonUcf 
the whole process before hirn„ an intelligent reader inay,;froilil 
thence, draw his own conclusions as to the proper form and 
dimensions of a revetment for any given purpose, if he should not 
be inclined to adopt the rules deduced by me from the same 
experiments. 


* As our experiments, tried with the same models and under the s^a 
<‘irciimstai]rcs, ot’len >iclded discordant results ; — if any other personwera 
hereafter (o undertake a similar course of experiments with sUtigle, it 
is not to be expected that these should exactly coincide either With 
each other, or with those that are recorded in this book. But it may be 
remarked, that if a certain mean thickness is given to a model of any 
description, its stability, when loaded with shingle, will always bear a 
considerable proportion to its original stability without shingle ; so that, for 
example, aitliougli the results of various trials may widely difler amongst 
tbemsclvcs, yet in none of them shall the stability with shingle be .less tha|i 
three fourths or tw o thirds of the original stability. W hen such is th^ $1MI 
in any model, it appears to me sutlicicrttly to prove, that if *the' 
porlioual mean thickness is given to an actual revetment, it wilt, li^'0m 
addition of counterforts, have ample stability as a retaining wgJI, 
tor civil or military purposes. ^ 
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contained in the above tables^ 
the. new principles laid down bymey 
revetments^ as fiir as regards the general action 
of loose earth, supported by any profile. But 
l^piAi Inspect to the precise effect, prodisce4 singly by either of the 
parts, such as the upper and lower portions, into 
whicfa the said mass may be divided ; as that may stUi appear a 
matter of doubt, 1 sliall now proceed to state the nature of some 
addidonal expeiiments, whitih were tried for die purpose of hives* 
tigadog diis part of the subject. 

\|Spe first took tl^ 4-tiieh inodeli sloping at one fifth, and 26 
intites high, and backed it with' shingle, in the manner represented 
annexed figure, A ; heaping up diet material, in rear, to a 
lavel, equal to the height of the top, f, of the models but taking 
care to raise it, in front, no higher than the point o, which is only 
6 inches above the base, i e. 

By tills arrangement, the dotted line, i o, produced, was made 
to coincide with the natural slope, o d, of die upper portion of the 
supported shingle, so that the shingle pressing upon oUr supposed 
revetment. A, in this peculiar case, exactly agrees with what 
would have been the lower portion only of the total mass of 
shingle, acting upon the same, if it had been backed with that 
material, as a counterscarp revetment, in the usual manner. 

On trying the average stability of our 4*inch model, tlius 
pattially loaded writh the mass of shingle, eod nm, acting upon 
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dto fewer pait of k only /g. A), it proved to be Sli lbs. 
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whidi exceeds n^bat had been the original average s U bMi^ Hi* 
same model, before any shingle was applied to it, by ? lini'ft 
Aftenvardsy by increasing the quantity of 
upon the same 44nch models by backing it to the oOfitimted 
zontal level, f d n, so as to represent a counterscarp tevetmentg 'w 
shown in figure B, we found that its average stabiihy ' 
equal to 10^ lbs. only. Now, this diminution of stabili^i ha* «Mar 
present experiment, when compared with the former one, iiMM 
necessarily be ascribed solely to die additional triangular tnaaetriT 
shingle, o f d, which acts upon B, but not upon A, and whidi 
constitutes the only difference between these two profiles. Heoee^ 
on dividing the mass of shingle, supported by the 4-iinch modd,. 
considered as a counterscarp revetment, into two portions, 
upper and a Wer one, in the manner before explained, the firat 
of the above experiments may be jillow'ed to prove, that the lower 
poition, e o d II in, tends solidly to stabilitate tbe supposed revd^ 
irtent, whilst tbe results of the first and second experiments, com«* 
billed, prove, in a manner no less satisfactory, that the upper 
portion, o f d, of tlie supported mass, tends to w«eaken the t 
posed revetment. And the diminution of stability, occasioned by 
the said portion, o f d, acting upon our 4»mch model, in experi** 
inent, B, may, of course, be estimatedfat 21 lbs.; this being 
equal to the difference between the two numbers, lOj and Sl|, 
which represent respectively the stability of profiles, B and A** 

^ Anotljor mode occurred of eiidea\oiniog to ascortalu tbe action of 
tbe upper poition, o f d, by expentnenf, which was to place a sloping board, 
in the position, o d, to bound the shingle in rear, and thus to apply a 
mass of shingle, o f d, to the upper part, o f, of the back of tbe supposed 
revetment onl} , lca\ ing the space, e o d n ra, behind and below the board, o d, 
entirely vacant. But, on further consideration, we rejected the mode, now 
alluded to, as being less likely to prove accurate than the fhnner ; becaiMMi 
the interposition of a solid plane of woodwork, such as the beard, 0 d« 
would evidently prevent the mass of shingle, of d, from exoiting ha natural 
action, in any direction, falling witlun the tower past, 0 0, tf ilia baA ef 
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W^fliAioirWilutb experkneiits, successively, viitb di^ 

of the same beight and exterior slope, but of 
thickness, and raisii^ the* shingle above them to a 
; jlNld^ from ail of which we obtained the same general 

^namely, tliat tlie lower portion of the supported mass of 
earth, acting upon a revetment, does in all cases add sta- 
^ hpity to it, whilst die uppci portion of the supported mass, w'ben 
^ such there io any profile, appeals always to weaken it, in a cer- 
tgin degree. But to relate the whole of these b'ials would be 
impfyrfluous. Two more of diem only shall therefoie be stated, 
^^V^ich will sufilcc for the purpose of liluHtiution. 

On trying the l^incb model sloping ut one fiftli, and inches 
when backed with the mass of shingle, e f h ii ni, as shown 
^ ^gure C, heaped to the height of 60 inches above the top, f, of 
model, with a berm equal to die thickness at top of the sup- 
posed masonry ; the average stability of the profile proved to be 
^9 lbs.; but when the same model was backed with the lower por- 
tion, e o k n m, of die said mass only, as shewn in figure D, its 
average stability proved to be 57 lbs. Consequently the diminution 
f f stability, occasioned by the upper portion, o f h k, oi die supported 



wli'ereu, in real pimctice, no radi obstacle is ever 
fiMd» of die snppottad nwss, fdressiag npoa an se- 

a reretiiknrt, ,i* left ,^ee to exert its aatorsl action in ail imssibl. «lir«c» 
I, &voiirable,M as nnfiiToiirable, to stability. 


^artli, acting upop our 64tich models in the fomrtf eiq|»il4lb^^ 
C, may be estimated at 18 lbs.; this being equal to did 
beta'een the numbers, 57 and S9, which represettt ifhspebG|j^ 
the average stability of profiles, D and C. . ^ 

In like manner, on afterwards trying the Id-inch 
of the same slope and height, under the ciitmmstanddd Inlt’lle* 
scribed, its average stability as a partial scarp revettficd^^^fiill^ 
backed vrith shingle, in the manner shown in figure C, jn^MiriW'bo 
181 lbs. ; whilst its average stability, when backed with the 
portion of the same ir ass only, as shown in figure, D, proved 
1 85 lbs. ; so that the difference, 4 lbs., may be assumed as the 
value of the weakening power of the upper portion of the 
ported earth, acting upon the id-inch model, in the former etohl 
Now, as the original average stability of each of the above llu^ 
profiles, namely, the 4-incb, the 6-inch, and the Id-inch sloping 
modek, was equal respectively to lbs. 47 lbs. and 181 tbs« 
before any shingle was used, and as the average value of the weaken* 
ing power of the superior portion of thd supported mass, acting 
upon each, when backed with shingle, the first in the manner re- 
presented ill figure B, the two others in the manner represented in 
figure C, has just been shown to be equal respectively to SI lbs. 
18 lbs. and 4 lbs. ; hence it follow s, that in the 4-uich model, the 
weakening power of the upper portion of the supported mass was 
equal to about -^ths of the original stability ; in the 6-uich model it 
was equal to about f ths of the original stability ; but in the IS-inch 
model, it was equal to about -^^th part only of tlie original stability. 

Upon the whole, therefore, it appears, that although the upper 
portion of the supported mass of loose earth, pressing upon any 
revetment, always tends to weaken the profile more or less ; yet 
that the said w^eakening power, w^hicb in profiles, slopii^ at one 
fifth, whose mean tliickness is less than three thirteenths of tbmr 
height, is veiy considerable, gradually diminishes, in propottion 
as any addition is made to the mean thickness : so^tbat in simitar 
VOL. 11. g g 
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p^^lesi iK^ose inean thickness is equal to six thirteenths of the 
weakening power becomes altogether inconsiderable 
not exceeding on an average about one forty-iiftb 
And yet, even in cases in which the 
power of the upper portion of the supported mass is so 
ling) ai^ has. just been stated, the actual weight, wherewith it 
upon the rovetm^nt, may be very considerable, as wa» 
pj^oyed by the laat-mentioned experiment, tried with the 1£-inch 
mode), in which the weight of the upper portion only of the 
aiippQfted mass of sliingle was more than double the weight of the 
, anM^sed revetment, as may easily be ascertained by calculation. 

Ia reiQecting further upon the same experiments, now under 
J^us^ip it will also be evident, that by increasing the mean 
]^lp<^esa of a sloping revetment to more than six thhteenths 
of the height, the weakening power of the upper portion of the 
supported mass of loose earth will also be diminished to less 
than one forty-fifth part of the original stability; and thus, by 
successively increasing the mean thickness of masonry, more and 
more, qtlier particulars remaining the same, the weakening power 
of the upper portion may be more and more diminished, until 
at Ilenglh it shall become null ; — an effect, which in sloping revet-* 
m^nts, without counterforts, may be expected to take place, when 
the base of Uie masonry is made equal to the height, or nearly so.* 


^ ^ The effect of the wenkenitig power of the upper portion of the sup- 
ported mass of loose earjtli has been proved to be very inconsiderable, in a 
y^y^^ent at one fifth, even when the base is not much more than 

half tbs height, as is the case in the 1 2-inch model. But when the base is 
made equal to the in'igliU in any sloping profile, the superior portion of 
the supported mass, c\cn although the loosest possible material should be 
used, will b^ ipfule alynost entirely to disappear, and consequently its effect 
must be null, or nearly so, according to the circumstances before taken 
, into consideration, in treating of the first case of revetments. (Seepage 
551.^ Ill the 20-hieh sloping model, however, whose base was almost 
to nine tenths of Us ^ight, we found, by experiments tried also 
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After concluding our experments widi shtn^, Oiir iMMd 
liras to ascertain the effect, produced upon the same 
the pressure of common earth. On trying our slopifi^ ^ 

tangular profiles, as counterscarp revetments, by backing 
soil of a middling tenacity, consisting of sand mixed widi^ 
the level of the top of each, we found that no increase, o^ dliaiil- 
nution of stability whatever was produced ; for, at the 
of 26 inches, the earth, although loosely thrown up, did n^ eMd 
any oblique or lateral pressure; but almost always stood 
dicularly, in the form given to it by the back of these modele^^fthr 
some time after the latter were overset by means of the scale' 
weights. We were therefore obliged to desist from making any 
further experiments with common earth ; for, unless we had 
very unwieldy models of at least three or four times the hei^ 
above mentioned, in which c{ise the earth would no doubt btvn 
bad a certain pressure, it appeared sufficiently evident, thal AO 
useful conclusion could be expected. 

We next tried the effect produced upon our models by back- 
ing them with earth of the same quality, that has just been 
described, but well rammed, so that it became capable of stand- 
ing perpendicularly, or even in an over-hanging form, for a per- 
manency, and acquired a weight of about 99 lbs. per eutne foot. 
Great care was taken, in the experiments, now alluded to, that the 
degree of tenacity, communicated by the process of rammiiig, 
should, in all cases, be as nearly equal as possible. 

On trying the rectangular model, whose height was 26 incfae% 

under the circumstances represented in figures, C and !>, that the upper 
portion of the supported shingle still appeared to exert some degree of 
weakening power upon the profile, but so exceedingly inconsiderable, that 
we could not reduce the results of our various trials, which weire in some 
cases contradictory, to any satisfactory average conchisfen* 

00 2 
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tad thickness 8 inches^ ts a counterscarp revetment, with rammed 
aaifh, as fhowa ia the annexed figure A, its average stabdi^ proved 
and its original average stability without earth, being 
t , it follows, that the additional stability gained in this pro* 
by reason of the mmmed earth, may be estimated at 13 lbs. 
stability of the common sloping model, whose height 
; was 86 inches, mean thickness 8 inches, and slope }th, was 83 lbs. 
without earth ; but on backing it with rammed earth, to represent a 
counterscarp revetment, as shown in figure B, its stability proved 
to be 97 lbs. ; so that the increase of stability, ia this profile, pr^ 
duced by means of the rammed earth, appeared to be 18 lbs. 

The stability of the countersloping model, whose height was 26 
inches, mean thickness 8 inches, and slope was3 i lbs. without earth ; 
but on backing it with rammed earth, to represent a counterscarp 
revetment, as sliown in figure C, its stability proved to be 131 lbs.; 
ao that the increase of stability, in this profile, produced by means 
of liie rammed earth, appeared to be no less than 78 lbs. 



The reason of the superiority of strength, which it was thus 
proved by experiment, that the countersloping profile, C, possesses 
over the rectangular and sloping profiles, A and B, of the same 
height and mean thickness, when they are all backed with earth of 
M tenacious quality, will be sufficiently obvious, on considering the 
nature of the movement, which must be performed by each of 
these respective models, or supposed revetments, in falling. When 
the countersloping model, C, for example, oversets, the heel of 
bf g, describes an arc, g f, upon the center, a, which cuts into the 
mass of rammed earth behind it, so that the fall of the model 
Ciiuiot be effentedf without violently separating or tearing asunder 
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a certain portion of the said masa, from the remainder atnl 
accordingly, k may easily be conceived, that die tenacity of 
iirhen considerable, must necessarily oppose a propordoli^ ' 
tance to the supposed movement.*'^ The increase of si^iSi^^,' 
added to our countersloping model, in consequence of the above'v 
resistance, may Hot unaptly be compared to the security, afi>ided 
by good holding ground, to a ship at anchor. . ^ 

With respect to the rectangular and sloping models, A aid B, 
on the contrary, it is evident, that when they fall, the beet of each, 
b, describes an arc, b f, from 'the center, a, vrhich does dot cut' 
into the mass of earth behind, nor does any other part whatey^of/; 
these models cut into the said mass, in oversetting. Consequently 
as no portion of the rammed earth is to be tom asunder, vi^at. 
this movement takes place; it is evident, that the addition^ 
stability, which appears by the experiments to have been gahusA 
in profiles, A and B, when used as counterscarp revetments, mast 
be ascribed solely to the friction arising from the rough surfacea 
of the back of each model, and of the earth in contact with it^ 
being made to adliere together, in a certain degree, by the process 
of ramming. 

We further found, in using rammed earth, that whenever a berm 
was left, equal to the tliickness at top of the model, no difference 
whatever was produced in the stability of our profiles, by raising the 
earth to any given height, above the supposed revetment. Thus, 
for example, the stability of die rectangular profile, in the annexed 


* A similar effect must take place, to a certaio degree, even in shingle, 
or loose sand ; for, in the fall of any countersloping revetment, backed with 
these materials, the heel of it must necessarily force upwards some portion 
cf the supported mass, the weight of which cannot fail to oppose a certain 
resistance to the supposed movement. This consideration accounts for tba 
additional stability often communicated to this kind of profile, in our meperi- 
ments with shingle, in cases, in wliich we found, that the sloping model of 
the same height and mean thickness lost stability, wheu batdeed with tiui 
same material and under tbe same eireumstauces. 
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% Br ef firovad to be^ in ail cases, precisely tbe same^ whether 
backed with ratnmed earth to the height, a c, only, so as to 
iKe^prestod m counterscarp revetment, or whether it was backed with 
tubstonce to any much greater height, such as b d. 



In figure E, on the contrary, in which the earth is supposed to be 
timsed to a certain height above the top of the model, without any 
lierai, it will be evident, that if the model is overset in the usual 
manner, the back of the top of it, o, will from the centre, m, 
describe the arc, o i, cutting into the superincumbent triangular 
mass of earth, n o f, so that a certain portion of this mass must 
necessarily be separated from the remainder of the earth, during 
, toe fall of the supposed revetment. Accordingly, we found, that 
the stability of the rectangular model, whose height was 25 inches 
and thickness 8 inches, was equal to 159 lbs. when used as a par- 
tial revetment for rammed earth without a berm, as shown in figure 
£, although its original stability before the earth was applied to it 
had only been 47 lbs. We first tried this experiment with the 
earth raised to the height of 8 inches only, above the top of the 
model, that is to say to the level of the point, f, and such was the 
result obtained. On raising it afterwards to a much greater height, 
such ns r s, no increase of stability whatever was produced, 
because ^ter tearing off the greater part of tbe right angled 
triangle, ti o f, which the model usually does in oversetting,'*^ the 


• Contrary to our expectations, we found that the back of the mass of 
rammed earth, torn off by ffie top of any of our models, did, in general, 
more nearly correspond wiih the line, o t; tiian with the curve, o i. 
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nemamder of the mass of rammed earth behind and above 4^ 
o f, remained always perfectly firm and without action, no! 
how great the height of it might have been. ^ v; 

Having sufficiently ascertained the action of rammed anlh ' 
our mcidels, under the various circumstances that have /bm k 
described, we next tried them with foundations of two inchdi Of 
rammed earth in front of tliem; first, with the rammed eafffi in 
rear also raised no higher than 2 inches above the wooden (ilane 
on which the models stood, in the manner shown in the aniteted 
figures, F and G ; afterwards as revetments, in the manner shown 
in figure H, witli the rammed earth in rear, raised sometimes to the i 



level, in n, to represent a counterscarp revetment, and sometimes 
to a higher level, o p, to represent a partial scarp revetment without a 
berm. The rammed earth, forming the small foundations, was 
secured in front, by appl}ing sand-bags, as shown in the figures, to 
prtwent it from being forced forwards. 

These small foundations gave great additional stability to all 
our models, not excepting oven the rectangular one represented 
in figure G ; for when this model falls, it is evident, that the heel 
of it, c, describes an arc, not from the point, a, as a center, as 
was the case in our former figures, in which the same pro- 
file was concerned, but from the point, b, with the radius, b c, 
which must necessarily cut into the mass of rammed earth, iU 
rear of it. Accordingly, we found, by experiment, that the rfcc- 
taiigular model, whose height was £6 inches and thickness 8 inches, 
acquired an average Stability of 85 lbs, in consequence of the two 
inches of rammed earth being applied inr front nnd x:ear of as 
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a|^WD ip 6^ although its original average stability 

model countersloping at one-fifth, whose height was 
and mean thickness 4 inches, acquired a stability of 
by having a foundation of two ii^hes of rammed earth, 
l^fbois^n in figure F, altliough its original stability had only been 
.i«|lbf. 

{The medium countersloping model, of the same height and 
counterslope, but whose mean thickness was 6 inches, acquired a 
stability of 99 lbs. iu consequence of a similar foundation, although 
its original stability had only been 29 lbs. 

And the large countersloping model, of the same height and 
eonnterslope as the former, but whose mean thickness was 8 
m^he^^ acquired a stability of 154 lbs. in consequence of a similar 
foundation, although its original stability had only been 5 1 Ibs.’*^ 

Here it may be remarked, that the above experiments prove die 
very great advantage, which walls, built upon soil of a tenacious 
quality, must derive from having foundations of a certain depth* 
With respect to offsets at the bottom of walls, it is sufficiently 
obvious, that, by augmenting the base, they must proportionally 
increase the stability of the masonry. In inclosing walls, such as 
those of gentlemen’s parks, powder magazines, dockyards, &c. 
die thickness of which, as compared with their height, is incon- 
siderable, offsets on both sides are of the most indispensable neces- 
sity; and, ill all cases, several successive small ones should be 
used, iu preference to two or three wider ones. In revetments, 
properly so styled, offsets, near the foufidation, may be omitted 
wkh less prejudice to the strength of the profile; but still they are 


* It is proper tc» observe, that in our previous experimeots with shingle, 
we also liied some of our models with and without foundations of two 
inches of that material, but in usii^ so loose a substance, we found, that 
tb^.small {uundadona Hide of no difiereace as to the stability. 
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useful, whether allowed in front or in rear, as tbey’^iiiiSt l 
increase the stabilitating power of the supported ntatfs of 
To return to our experiments with rammed earth 
object was to ascertain the effect, produced bj^ this msiteriid^' t 
revetments with counterforts. We first tried the common 
gular counterforts which we had before used with shiiigte 
soon found that our former mode of fastening them was> 
case, insufficient; for the sides of the counterforts wCre'i6 
grasped by the eartii, that they remained immovable, in' an t 
position, whilst the supposed revetment, that Und been natt^^l^^ 
them, was torn down by the action of the scale and 
We, therefore, united the revetments and counterforts togemjsr 
by iron bolls of a proper strength, after which we procecdl^^ 
with our experiments, without further difficulty.f Fincfing, id'* 
the course of three experiments, that the model, in oversetting ^ 
generally pulled down with it the whole of the three contiguo^ 




f 

• In former parts of this chapter, in treating of the action of lobs© earth 
u])oii a revetment, 1 judged it expedient, for the sid^e of clearness, to 
leave the ftmiidalion of the wall unnoticed, and therefore, in the varions 
explanatory figures (sucA as t/iai in paye 542)1 estimated the lower portion, 
a g f c, oC the supported mass of earth, as being bounded in rear by a line 
drawn from the back (a) of the base (a d) of the revetment. But it will be 
evident, that as the foundation also must have its effect, the true position 
of the boundary liue of the lower portion ought to be in rear of a c, as 
the said line siiould be drawn, not from the back of the base (a), but from 
that point immediately below it, whieb represents the back of the foun- 
dation. fietice, the stabilitating power of the supported earth of each 
profile, commented u}»ou in the text, is, in reality, greater than 1 bava 
there thought it expedient to suppose. 

t It is proper to remark, that we were obliged also (o increase tha 
strength of our ropes and pul lies, and to suspend the latter from small gins, 
or triangles, erected for the purpose, as the apparatus, before desetibad, 
broke down, under the greater weights, which it was necessary tc ttSo, in 
our experiments with rammed earth. During tlie process of timing, 
•troi^ temporary props were ap[died in front of all our models^ to prevent 
the force in rear from throwing them out of their proper position* 
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^Misses of e^rth, bounded in rear by a yertical plane, siippo^d to 
coiDcide with the back of our two counterforts, it appear^ pro- 
bable, that this effect, which, of course, must add greatly to the 
ptocaigAi of a profile, in tenacious soil, might either be much 
'im^sed, or, at least, rendered more invariably certain, without 
lay possible risk of failure, by constructing dovetailed coun- 
TERFOUTs, wider at the tail than at the root, the outline of the 
plan of which is as follows 

LAL- iLi 


I accordingly caused some of our counterforts to be fitted up in 
tiiit manner. Part of them, which were 4 inches long, were made 
5} inches wide at the tail, and 4^ inches wide at the root, their 
mean widtii being 5 inches : the remainder, which were 6 inches 
long, were made 6 inches wide at the tail, and 4i inches wide at 
the root, their mean thickness being 5| inches : and the results 
of the experiments, made with these dovetailed counterforts, in 
rammed earth, answered our expectations, they proving generally 
to communicate rather more stability to the profile than the rec- 
tangular ones, but not however in any vei^ great degree ; and the 
results, indeed, being sometimes rather contradictory, as will 
afterwards be seen. 

As it also appeared probable, that the great additional strength 
which our profiles with counterforts appeared to derive, in con- 
sequence of the cohesion of the rammed earth to the sides of the 
counterforts, might be much lessened, by using diminished coun- 
terforts, like those of Vauban, instead of rectangular ones; w'e 
lastly tried diminished counterforts, exactly of the same dimensions 
gs the doveU^led ones, that have been described, but being of 


* The dotted lines are added, to show the extent of those masses, which 
see iora off from the remainder of the rammed earth, and adhere to the 
revetment and counterforts, in falling. 





EXPERIMENTS ON REVETMi^f^' ^ 

Dourse reversed, or« vrider at the root than at the tail. Sni bef^a 
the result did not, by any means, ^ree with our prevkms ide||||v 
for the stability of this profile far exceeded our expeciatbnsi 
indeed fell very little short of the former kinds, that baiNsjhi|lt 
been noticed ; that is, generally speaking, for in some patticiiv 
trials, it exceeded them both, results of all our experiaseiitl 
with rammed earth being much less regular than those dial wma 
tried with shingle. 

As an example of the effect of dimintslied counterforts; On 
the sloping model £6 inches high, and having a mean tbickiiees df 
6 inches, and a slope of one fifth, with two counterforts of tha 
above description attached to it, each 6 inches loi^, inchea 
wide at tlie root, and 4| inches wide at the tail, and placOd at 
central intervals of 18 inches apart, as shown in plan and sectba| 
in the annexed figures; its stability, as a counterscarp revetaneii^ 
when backed with rammed earth, but without any foundadoii bl 



Plan. Section, 

front of it {See the section) proved to be no less dtan S05 ll»« 
although its original staliility had only been equal to 86 lbs** 

Now it will be obvious, on a little retlectioa, and indeed almost 

— - - - — n-. , 

* Wc tried many more experiments with dovetailed and diminisfaed 
counterforts, than aelually appear in the foUowing tables. 1 judj^ed it 
useless to inhcrt the whole of them, as they could only create confosion, 
for wo found, that the difl'erence of stability, between them and reetan« 
gular counterforts, was in all cases trifling, and indeed the results oftei| 
proved contradictory, as was before stated in the text. 1 conceive that 
the peculiar irregularity in the results of our experiments with rammed 
earth, may be ascribed to its having been difficult or rather impossible for 
the men employed, to communicate an exactly equal dejproe of tenacity te 
that substance, by ramming, in various trials^ 
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M a mere inqpediQii of the iigarcs^ that the great additional stability, 
^mimuiiicutfd to the profile, which has just been described, in 
Cfmseqmwe of the rammed earth, must be ascribed solely, as in 
before noticed, to the power of friction; or, in other words, 
cohesion of the rough surfaces of the rammed earth, and 
: 'Ihose of the supposed revetment and its counterforts, which come 
so contact with each other : for it must be evident, that in the 
falling of the model, as soon as the above cohesion is overcome, 
the revetment nor counterforts have to cut into or tear 
nsimder any portion of the rammed earth whatsoever, but on the 
contraiy are immediately disengaged from it : and indeed, in all our 
experiments with the diminished counterforts, after the models 
were pulled down by the action of the scale and weights, the 
tUknmed earth was left standing, in the firmest manner, with regular 
grooves, where the counterfort^ had been, so as to resemble a 
peiiect mould of the back of the woodwork. 

I before stated, that on trying the original stability of our va* 
rknts models, before auy shingle, Sac, was applied in rear of 
them, they were always observed to move, some time before they 
actually overset. The same circumstance also invariably occurred, 
in trying their stability afterwards as revetments, when backed 
with shingle or rammed earth. In our experiments without coun- 
terforts, the weight which produced the first perceptible movement 
in the sloping and leaning models, generally varied from |ds to 
Iths, of the total oversetting weight, and in some cases it even 
cOiisiderably exceeded the latter proportion;’*' whereas, in the 
countersloping models, used by us, which were plane in 
rear, weight necessary for producing the first perceptible move- 
ment, vamed from very little more than ^ to about |ds of the total 
oferaelting weighty veiy seldom indeed exceeding the last named 
prp|>Oftioii. Hjsvingi however, afterwards, for the sake of expe^ 


‘ ^ It proved scnueliiaes e^ual to ^thi of the oversettiag weight. 
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riment, consti ucted'some few countersloping models mdl 
in rear, we found, that in all of these, the weight, which W9is' 
cessary for producing the first perceptible movement, bore fi||p, 
as great a proportion to the total oversetting weight as in any W / 
the other profiles ; and we further found, that each of these ^ 
tersloping models with offsets, required rather a greater we^t to 
overset it, when backed with rammed earth, than was neci^ssaiy 
for oversetting a plane countersloping^ model of the same 
and mean thickness, under similar circumstances ; but that wheh 
shingle was used, the total weight requisite for oversetting the two 
kinds of countersloping models, that have just been mentiopcid^ 
proved, in all cases, to be nearly equal. From these facts, 1 con** 
ceive, that the followiug inference may be drawn, namely, ffiaf 
no countersloping profile should ever be built without well sired 
offsets in rear, because although such offsets do not appear to add^' 
much to the tinul stability of the wall, as far as regards its com^ 
plete dowufal ; yet it must be allowed, that they may tend very 
materially to prevent it from moving in a perceptible degree : Uiaf 
is to say, that they will prevent the masonry from bulging, over* 
hanging, or otherwise losing its proper shape, which it is well 
known that weak or badly constructed walls are apt to do, eved 
when they may not eventually fall down. 

Their general nature having already been explained by a ftW 
examples, the various experiments made by us with rammed earth ^ 

* The origin a] mean stability of the several models, before the raaiioed 
earth was applied to them, as given in Tables XIV and XV, is geoerapy 
such as was, when they wore tried standing loose, as in the first seven 
tables. As there is often a considerable diflerence in the original stability 
of our various models, which may be observed by comparing the Tablm^ 
of Experimeiiis, it is right to observe, that in all discordant cases,,} oqi|» 
sidcr those trials, that are recorded in Tables VllI, IX, X, XI, XXl, 
and Xlll, in which battens were applied in front, as being by: for the 

most accurate ; for in conducting these, the slopes and other dimensions, 
and even the weight of each model, were carefully exanuMld and eorreefod. 
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Aall now be laid before the reader in the clearer and more conve- 
msut form of tables. I shall only previously remark, that the 
experiments tried with rammed earth, do. not appear to me to 
any just grounds for judging of the comparative stability 
of various profiles ; because when the earth of a rampart is of so 
very tenacious a nature, as to resemble that which was used by us 
in the said experiments, it can, of course, have no tendency 
whatever to overset the revetment, let the form of the profile be 
what it may ; but on the contrary it must always communicate 
some additional stability, by reason of the friction or cohesion 
that was before treated of. The additional stability, thus commu-* 
nicated, cannot, however, be deemed of any real use to an actual 
fevetment, because it can never be brought to act in opposition to 
"'any external force of an unfavourable nature, so that the advantage, 
now under consideration, if such it can be called, is a very negative 
one. For this, as well as for another no less important reason, 
afterwards explsuned, I have, therefore, paid no attention to the 
peculiar experiments tried with rammed earth, in framing the rules 
on revetments, that will be found in a subsequent part of this 
chapter.*^ 


when neeessaiy, after every two or three experiments. This precaution had 
been neglected in our other experiments, in which, therefore, although 
alt the models were very accurately made at first, 1 conceive, that by the 
wearing of the woodwork of the base, or otherwise, they may in some 
degree have lost their proper form, after a certain number of trials. 

IS further to be observod, that the experiments with rammed earth 
dd appear to aflbrd any satisfactory criterion for judging of the stabi* 
litiy of actual revetments, backed with earth of equal tenacity, because 
trying models exactly similar in other respects, but of difierent magni- 
tudes, their respective stability with rammed earth, bore no fixed propur- 
tien, at difl'etent heights, to the original stability of the same models, 
without earth. In the experiments with shingle, on the r.ontrary, the re* 
^ts yielded by tbe largest and smallest models used, always nearly cor- 
vespimded with each other, whenever the profiles were similar, as wiUL 
afterwards be expkuiied. 




With Foundations of rammed l>rth, equal in Depth to With no Foundations in 
-T4th of the total Height. Front. 
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TABLE XIV. 


Descriptlun of tlie Models 
used, &lc» 


/CoiiutfTslopiiig I 
hlupiiig at ^ 
Cuuntmloping ^ 
Cuuulei’hlopifig \ 
Sloping at ^ • • • 
CoiinlL'rsloping ^ 
Rectangular • * • • 

y Du. - 

Countnrslupiiig J 
Sloping at ^ • • • « 
(JoiinterHlDping I 
Du Do\ 

Sluping at j[ • • • • 
('uufUcrhliiping | 
Sloping at ^ • • • • 
\ \iuQterbloping ^ 

/^ountersloping | 


Cuiiiilerslnpitig | 
Licaning at ^ • • • 


I Coonlcrslu])iiig { 


I Coutilmlopiug I 


Leaning at 
Rectangalar 


Coanteraloping 

Countersloping ( 
Leaning at ^ • 


^onntersloping J 



m fl gr 

97 A g8 

433 g9 

446 30 

lU 31 ' 

g36 3g ] 

90 33 

181 $4 

130 35 

349 36 

384 , 37 

139 38 ! 

461 39 

1.40 











with PoandatioM of rammed Earih egoal in Depth to ^th of total Height. 
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TABLE -XV. 


JjNjWOripliion of tho Modeli 

aiedi &o. ^ 


^Coantenloplni^ | 

Sloping at [ 

Countersloping 

ConnlerMloping with? 

three Offsets in Rear. > 
Ooontersloping with ^ 
rectangular Counter- > 

forts ) 

Conttterslo{iiitg j, with ) 
dimiaished Counter- > 

forts 3 

Conotersloping with ) 
doretail^ Counter- > 

forts 3 

Sloping at \t with ^ 

* rectangular Counter- ^ 

y forts 3 

Slojnng at with di- ) 
minished Counter- > 

forts 3 

Sloping at L with 3 
dovetailed Counter- > 

forts j 

Conntersloping with 3 
rectangular Counter- S 

forts 3 

Countersloping ^y with 3 | 
ditniniBhed Counter- > 

forts 3 

ComiterHloping with 1 
dovetailed Counter- > 

forts 3 

Leaning at It with rec- ? 
N tangularConnierrorts \ 


With no Pouitdation in 
Front. 

SfofH^ at Itt ^ith dliui- } 
aished Counterforts ) 



^ j No. of the Eaperimeut. 
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It will be observed, on inspecting the tables conlaiiii^ in dlif 
chapter, that some of our experiments, both with shin^e wtA: 
rammed earth, were tried with a act of larger models, 52 inches fai^ ^ 
These high models, had respectively a thickness or mean thicknesilj; 
either of 8 inches, lOf inches, 12 inches, or IS inches, and weighed 
from 728 to 1 183 lbs«; nnd consequently being rather too unwieldy 
to have answered for a general course of experiments, they were pfo- 
vided merely for the purpose of ascertaining, whether the results, 
obtained by means of small models, as to the comparative stability 
of profiles of various descriptions, were likely to hold good, iit 
judging of the strength of similar profiles on a much huger scale: 
and this important question appears to have been determined ia 
the affirmative. 

For example, by experiment 1 1 (See Table L), it appears that the 
small countersloping model for supporting shingle, whose heigili 
is inches, mean thickness 4 inclx^s, and connterslope one 
has no stability, but oversets as soon as the shingle is raised td th#" 
level of the top of the supposed revetment. In like manner k 
appears by experiment 80 ( See Table IllOy that the high counter^ 
sloping model, exactly similar to the former, but double in 
and in mean thickness, has also no stability for supporting sMt^le, 
as it falls in consequence of the pressure, as soon as the shingle is 
raised to witliin one inch of the top of the supposed revetment. 

As a second example, it appears by experiment 12 f See Tahte I-X 
that tlie rectangular model, whose height is 26 inebei, add its 
mean thickness 6 inches, when backed with shingle so as toiepre* 
sent a counterscarp revetment, has a stability of 4i lbs. only. And in’ 
like manner it appears, by experiment 81 (See Table IHOi that 
the high rectangular model, which is exactly similar to the above 
model, but double its height and thickness, when backed witk 
shingle so as to represent a counterscarp revetment, has i slal^lky 
of 18 lbs.; and these two results are nearly in the same proportion 
to the original stability of their respective models, before nny 

VOL. lU R R 
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aUngle was «fipfied to either of them. And on further comparitig 
^ llie several other experiments, made under various circumstances, 
with tlie hi^ models, and those made, under the same circum- 
, stances, with the corresponding low ones of a similar description, 
recorded in the tables, it will be found, that they in general 
decidedly tend to establish the same conclusion, although so very 
close a coincidence will not always be remarked, as in those par- 
ticular instances, M'hich 1 have just quoted. 

In order, however, to ascertain still more fully tliis very impor- 
tant point, I had a much larger model made, than any that have yel 
been noticed, the height of which was 104 Inches, and its mean thick- 
ness Q9iV inches, which is in the proportion of JJths of the height. 
This model weighed no less than 530;) lbs., and it required to 
be backed with quantities of shingle in proportion, much greater 
than any we had before used, so tliat the simple apparatus, that 
bad sufiked in all our former experimeuts, was of course entirely 
inadequate. Accordingly, before any use could be made of this 
new model, we were under the necessity of fitting up a place on 
purpose with strong Umbers and planking, and the process of each 
individual trial became exceedingly laborious.* On comparing the 
results of the experiments, tried with this very large model, and 
those that had been previously tried with the conespoiiding low 
model, whose height was 26 inches, and mean thickness 7}^ inches, 
we found, that they also agreed so far, as to warrant us in drawing 
from them the same general inference, that has already been stated : 
and from the very great scale of the experiments,- now alluded to, 
they will no doubt be allowed to be peculiarly decisive. 

Upon the whole, therefore, 1 conceive, that the course of experi- 
ments, tried with our .small models of 26 inches in height, and of 


• This very li^rgc model, and tlie apparatus necessary for using it, were 
prepared, and all the experiments made with it were conducted, by Lieut^ 
H. P. Bruyeres of the Royal Bugiueers. 
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various mean thicknesses and slopes, may be applied with confidenipe^ , 
to determine the proper proportions of any other solid bodies, 0 % ' 
much greater height, such as revetmeuts of masonry, intended I6 
resist the pressure *of loose earth«^ 

It is to be remarked, that excepting in fortresses, founded on loose 
sand or shingle, which situations seldom occur, the ramparts and para* 
pets are usnally formed of soil of a certain tenacity, which is either 
actually ratniued, or at least very nearly the same effect is produced, 
in ihr process of the work, by the constant passage of carts, and wheel- 
barrows, conveying materials. Hence, in most cases, the revet- 
ments of a fortress have very little pressure upon them, of such a 
nature as can tend to overset them, since they are almost always 
backed with tenacious earth, the cohesion of which, particularly if 
counterforts are used, must, on the contrary, add a vast stabili^ 
to the masonry. But it is by no means prudent to calculate upon 
a continuance of this state of things, in regulating the profiles of 
a fortress; for the tenacity of the supported earth of a rampart, &c. 
however great it may originally have been, is always liable to be 
deranged by the effects of rain and fiost; so that large masses of 
earth, which at first may not have acted upon the masonry, except- 
ing in the favourable mode that w'as before alluded to, may sud- 
denly ht? brougjit to press upon it with considerable force, 
and with a deckled tendency to overthrow it. Some particular 
kinds of soil, also, such as clay for example, arc know'U to 
sw'ell or increase in magnitude, after imbibing a certain quantity of 
moisture; and wdien this happens, it is evident, tliat they must 


* It is to be observed in favour of the safely of the conclusions, that 
arc to be drawn from our experiments, that our models were all ratlier 
lighter lliau tlie shingle, and considerably lighter tliaii the rammed earth, 
which was applied to them; wJicrcas it is well Jvtiowii that llie specific 
gravity of the masonry of resctincnts is generally greater Ilian that of the 
supported earth. 
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a^rt a greaA lateral thrust, unfavourable to stability. Under these 
considerations, it may, consequently, be allowed to be advisable,^ 
at least in northern climates, to give to all revetments, even in the 
stiffest kinds of earth, the seme degree of strength that would be 
, necessaiy, if the soil to be supported consisted of very loose sand or 
shingle. The rules therefore, wbicli aie about to be laid down, in 
regard to the proper dimensions *of revetments of different descrip- 
tions, have been deduced entirely frorn^ the experiments contained 
in those tables, that relate to shingle only. 

Rule I. /w revetments of equal height^ and mean thickness^ 
the strength of each is in proportion to its slope ; the rectaugu^ 
lar profile^ which has no slopes^ being the weakest. 

REMARK. 

This is proved by our first course of experiments with shingle, 
contained in tlie first seven tables of this chapter, iii which the 
countersloping, sloping, or leaiiiug profile of Jtli, has always an inter* 
mediate degree of stability, being weaker than tlie countersloping, 
sloping, or leaning profile of §th, but stronger than the rectangular 
profile of the same height and cubic contents. 

Rule II. Of all sloping revetments of equal height and mean 
thicknesSf that can be used, the countersloping profile is the most 
suitable for works of fortification. 

REMARK. 

By the experiments witii shingle in general,, as recorded in the 
various tables, it appears that in profiles without counterforts, 
whose mean thickness is equal to Hths of the height or upwaids, 
die countersloping profile exceeds all others of equal height and 
mean thickness in stability : but in less substantial profiles, that is 
to say, in such, whose mean thickness is not greater than 4th of the 
height, the countersloping profile is weaker than either the corrc»- 
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ponding sloping, or leaning profile.* The difference^ bow^eri . 
is not so considerable, as to counterbalance a peculiar and siWMt 
important advantage of the former construction, vrhich shall now 
be stated. This consists in the perpendicularity of the exterior 
surface of the countersloping profile, which renders it much more 
durable than any of the other sloping forms ; for it is evident, that 
(he counterslope of the^rst-named profile, upon which its strength 
depends, may be laid out in any proportion, judged necessaiy widiout 
prejudice to the masonry. In the leaning and common sloping pro- 


* Besides the peculiar profiles, that have been noticed in the text, a 
revetment may be built with doable slopes, that is to say, with an eiftcrior 
slope in front, and a couiiterslope in rear. If this construction were used, 
as for example, if a revetment of a given height and mean thickness had 
an exterior slope of one tenth, and a couuterslope of one tenth, tiio 
increase of thickness at the base being consequently equal to one fifth of lhe 
height ; its stability would probably, under any given circumstances, be very 
nearly in a mean proportion between that of the sloping and coiintmrslopiiig 
profiles of the same height and mean thickness, whose slopes were in the 
proportion of one fifth of the height. But if the slope and countcrslope of a 
doubly-sloping revetment M'crc unequal, as for example, if its slope wore 
•equal to otic thirtieth, and its countcrslope equal to one sixth of the h^ht, 
its stability would still be in some intermediate proportion between that 
of the common revetment sloping at one fifth, and of the countersloping 
revctmeiit, having a countcrslope of one fifth, the said proportion (Jtb) being 
oqual to the sum of the slope and coiuiterslope (^th + iih) of the doubly 
sloping revetment added together. 

From these considcrutious, it may be allowed, that there can be no 
doubt of the compound profile, which has just been described, possessing 
considerable stability. If therefore any Engineer, in planning a fortress, 
should wish to adopt the count crsloplog profile for his revetments, and yet 
should not choose to have them quite peqiendicular in front ; he may give 
them an exterior slo{>e off,\,th, and a countcrslope of J Jibs of the height, 
which in a scarp revet meiit of thirty fret will allow 6 inches for the base 
of the former, and 5 fccifi inches for Uiatof Uic latter; so that the total 
gain of thickness of masonry at bottom will be equal to Jth of the 
height. I conceive, that there would be little or no difference, in point of 
etrengfh, between a profile of the above construction, and a perfect corni* 
lerslopitig Fcvetment of the same height and moan thickness. 
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fileS; on the contrary, if their slopes arc small, their strengtli 
not greatly exceed that of the rectangular, which has 
been proved to be the Aveakest of all profiles. If ou the other 
hand, with a view to avoid this evil, that necessary degree of 
slope, which is essential to strength, should be given to them; 
then they will he exposed to the destructive, effects of rain, 
frost, and vegetation, which by lodging in, and acting upon, the 
joints of the niasoniy, will in process of time entirely destroy the 
cohesion of the mortar, and ruin the exterior surface of the 
wall. 

Ha\ ing thus staled a properly of the countersloping profile, w Inch, 
I conceive, renders it, upon the whole, by far the most suitable 
for the scarp and counterscarp revetments of fortiesscs, or of 
other works, in which the external surface of the masonry is 
exposed to the action of air aod weather, only ; I shall remark, 
that in all retaining walls, such as those of wharfs, wet docks, 8cc., 
in which the greater part of the masonry is generally under water, 
there will be little or no difference, in point of durability, whether 
tlie exterior surface is vertical or sloping, as the action of the 
water wdll be equal in both cases. Consequently in works of this last- 
mentioned description, particularly if building mdU rials are very 
expensive, the countersloping profile may he rejected, and the leaning 
profile chosen in preference ; because our experiiiieiUs Avith shingle 
prove, that, in revetments backed with loose soil, the mean thick- 
ness of masonry of the countersloping profile cannot Avilli propriety 
be reduced so low*, as may be done Avilh safety, eilbev in the lean- 
ing or common sloping rcA^etment, 

Rule III. No revetment should ever he built rdthout counter- 
forts ; and yet^ in determining the dimensions of any profile^ the 
thickmss or mean thickness of the revetment should be such^ 
that, even if deprived of its counterforlSj it Kould have some 
stability. 
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REMARK. 

To enlarge upon the great utility of counterforts, after vAiat 
was before said, will be superfluous, particularly as a reference to 
the various experiments will show their utility in the strongest 
light. For example, by experiment 44 (See Table II.), it appears 
that the rectangular model, 26 inches high and 8 inches thick, 
when used as a partial revetment without a berm, had so veiy 
little stability that it fell of itself after the shingle was raised about 
Q4 inches above the top of it; whereas by experiment 127 (See 
Tabic V.}, it also appears, that the rectangular model of the same 
height, whose thickness was only 6 inches, w’as so much strengfli* 
eiied by the addition of counterforts, equal in cubic contents to one 
fourth of tlie supported revetment, that wiicn loaded with shingle 
under the same circumstances to the height of 60 inches above die 
top of it, it acquired a stability of 70 lbs., which was considerably 
greater tlian its original stability, before any shingle was applied. 
Now tiie cubic contents and weight of the 8-incb model, are 
greater than tiiose of the 6-iuch model and of its counterforts 
added together ; and yet, as it has just been showm, the former is 
much the weakest; from whence it follows, that of tw'o profiles of 
revetments, both of the same height, and containing the same 
quantity of musonry, and consequently built at equal expense, but of 
which the one has counterfoils, and the other none, the masonry of 
the first may be exceedingly strong, whilst that of the second, 
having little stability, will fall down, as soon as it is backed with 
loose earth to a certain height. 

Notwithstanding, however, the great additional strength, w'hich 
is undoubtedly to be derived from the use of counterforts, it would, 
by no means, be prudent, in trusting to them, to diminish the 
quantity of masonry, in any revetment, beyond a certain limit. 
For it is to be observed, that masonry seldom becomes united into 
one homogeneous mass, like rock, until after tlie lapse of ^^^reat 
number of years ; and not even then, unless the mortar is of a 
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peculiarly goofi quality, which, iu all countries and under all 
cireumataiicesy is not to be expected. Consequently, io building 
wwlls with counterforts, for any given profile, that kind of revets 
ttent idiould certainly not be adopted, which if deprived of its 
counterforts, w ould have little or no stability ; because although 
the profile might be sufficiently strong, provided that the whole 
mass adhered together, it is possible, that the pressure of loose 
earth might, under the circumstances supposed, overcome the 
cohesion of the masoiuy, and force it asunder in various places, 
in such a manner, as to throw' down the greatest part of the revet- 
ment, leaving, the counterforts, and the lower parts of the wall, 
standing. * 

Rule IV. Comterforls should be rectangular: their length 
sdtould not be greater than the mean thickness of masonry of the 
revetment; and their clear intervals should not exceed from two 
to three times the said mean thickness. Their width should not 
be greater than one fourth of their central intenals. 

REMARK. 

With respect to the best form for counterforts, the general result 
of our experiments w ith rammed euitli, scenit. ii to prove, that in 
soil of a veiy tenacious quality, the diminished counterfort is rather 
weaker than the rectangular, and that the latter is a little weaker than 
the dove-tailed kind : but as the difference is very trifling, and as, 


* Under what cir€iiinstance.s, a wall of given dimmisiuns may be torn 
from its counterforts and Ibiindalion, by a pressure of cartli, must remain 
doubtful, until experimeiit.s are tried with actual revetments, «»ti a sufli- 
ciently large scale. But it is to be remarked, that the mean thickness and 
other dimensions, which ought to be given to any revetment, in order to 
enable it to resist a certain pressure of loose cartli, without the assistance 
of counterforts, may he determined with sufTirieiit accuracy, by means of 
<mr experiments w ith shingle. 
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from some experiments mih riiingle, before aHuded to, but Ml 
entered in any of the tables, we found, that in loose sq 3, there MO 
little or no difference of stability between the various forms that hmm 
been enumerated, I am of opinion, tliat the rectangular counterfoil^ 
as being tlie simplest and easiest of construction, ought to havt 
the preference. 

It was explained in tlie foregoing chapter (See pages 514^ 
and 515), that not only the dimensions of counterforts, but also 
their intervals, may admit of great variety, without making asy 
difference whatever, in the quantity of masonry used in the con- 
struction of them. But die effect of counterforts, in strengthening 
a revetment, may, with propriety, be compared to that o^ the 
beams, which support the superstructure of a wooden bridge* 
Although these beams should, iu themselves, be more than suffi- 
cient to sustain a much greater weight, than any that is likely 
to pass over the bridge, if it could be applied to them individually; 
yet if they are placed at too great intervals apart, this excess 
of strength w'ill be of no avail, for the planks above them may 
give way, and the bridge will be rendered impassable. In like 
manner, if counterforts are built too distant from each other, 
the iiitcrinediate portions of the revetment may not derive 
the necessary aid from them. Sonic limit should therefore be 
assigned to the cleat intervals of any system of counterforts, which 
ought not to be exceeded in practice ; and probably that, which 
has been laid down, in the rule jus4 stated, may appear a proper 
maximum. 

When the advantages of two kinds of counterforts^ both equal in 
quantity of masonry, and placed at equal central intervals apart, but 
of different lengths, are taken into consideration, it will appear, 
tliat long and narrow ones will be much more favourable to 
stability, timti shorter and wider ones ; whilst, on the otlier hand, ffm 
latter will unite belter with tlie body of a revetment, and will be 
less likely to be separateil from it, by any extraordinary pressure of 
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loose earth, tlim llie fbrmci\ The length, therefore, of counterforts 
to have its liniits ; and our experiments have proved, that 
ev^ when the proportional mean thickness of our models, as 
compared with their height, was less than would be advisable for 
actual revetments, the dimensions laid down in our present rule 
for the proportional length and uidtii of counterforts yielded more 
than sufficient strength. 1 have therefore given these dimensions 
as a maximum, that ought not to be exceeded ; but they may be 
reduced in a certain degree, widiout inconvenience.^ 

Rule V. The dimensions j^roper for Fall Scarp revetments^ 
without herms^ and for DemirevetmentSf or for Partial Scarp re* 
mtments^ having berms equal in uidth to one fourth of the height 
ef masonry or upu ardsj are as follows. 

Make your profile countcrsloping^ with a counterslope of one 
Jtfih, and a mean thickness equal to seventeen sixtieths of the 
height j and give it counterforts^ equal in length to one ffth of the 
height, placing them at central intervals of four times their width 
4tpart. 

KEMARK. 

. Experiments 402, 403, 404, and 40.;, in Table XIII, prove, 
that a revetment countcrsloping at one fifth, having a mean thickness 
of one fourth of the height only, which is coiisiilera])!y less than I 
have recommended in the above rule, but having counterforts of 
the proportions therein pres(!ribed, is sufficiently strong either for 
a demirevetinent, or partial scarp revetment, for supporting loose 
earth to any required height ; and experiments 2S0, 281, and 282, in 
Table X, prove, that a profile of the proportions laid down in this rule 


* The counterforts, used by the civil engineers in tins country, for wharf 
walls, &c., have generally been built square, and at central intervals of 
eighteen feet apart ; tbeir length var}jiig from about one half to two thirds 
of the thickness, or mean thickness, of the revetment 
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would have considerable strength as a demirevetmentor partiid BCMrff - 
revetment, with a berm, even if it were entirely deprived o^its coutf^**, 
forts. The same inferences are to be drawn from the expeiii^tenttlt 
tried with the higher models, as will be seen by referring to the tables# 
so that upon the whole, I conceive, that there can be no doubt of the 
stability of the protiie now suggested. On comparing the above, when 
used as a full scarp revetment, withVauban’s general profile, it will 
be found that in revetments 30 feet high, there is a very small saving of 
masonry b v adopting the former profile ; but in revetments lower than 
the above height, the saving is more considerable : whilst, on the 
contrary, Vaiiban’s profile is the most economical, if the height of 
the revetment exceeds 35 feet ; but this is seldom or never necessary 
in inilitary works; so that, generally speaking, the profile, above 
recommended by me, must be allowed to be the least expensive of 
the t\vo.'**‘ 


Rule VI. T//e dimensions proper for Demirevetments and for 
Partial Scarp revetments^ without berms^ are as follows. 

Make your profile countersloping^ with a counterslope of one 
Jifthj and a mean thickness equal to three tenths of its heiglU, and 
give it coanterfortSj equal in length to one ffth of the height^ 
placing them at central intervals of four times their zddih apart* 

REMARK. 

Of the strength of a revetment and counterforts of the propor- 
tions now iccoinmcnded, there can be no doubt, since various 
experiments, contaiut-d in the tables, prove, tliat by aid of such 
counterforts, or even smaller ones, much weaker countersloping 
revetments, than the above, arc capable of supporting loose earth 


* III order to judge between t!ic two profiles, compare Table II, Chapter 

XXIV, pajje .')02, iiMvhich Vaubatis general profile for full scarp revat-* 
meuts is analyzed, with Tabic A, afterwards givcMi in page C28. 
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ffliaed to way ^veo height above them^ whether with or without a 
hem* But as the tenour of our experiments proves^ that if 
A^pitived of counterforts, die countersloping profile, when used as 
a paiaAal scarp revetment, is generally weaker without a berm, than 
udth one, excepting when the mean diickness is greater than 
aeveoteen sixtieths of its height; I have for diis reason judged it 
prudent, to make the revetment somewhat more substantial, in the 
present rule, than in my former one, although to some readers the 
precaution may probably appear superfluous. 

In order to compare this profile with Vauban’s, we shall first 
suppose that a partial scarp revetment is to be built, 30 feet liigh, and 
that there is to be a height of 1 5 feet of earthen scarp over it, exclusive 
of dse parapet. By V auban’s rule, as stated in page 523, the thickness 
Ut top of such a revetment ought to be 8 feet 4 inches, and its thickness 
at bottom ought to be 14 feet 4 inches, the mean being 11 feet 4 
inches : to which ought to be added counterforts 1 1 feet long, having 
n mean thickness of 5 feet 5 inches, and placed at intervals of 15 feet 
apart. Consequently it will be found by calculation, that a revet- 
ment and counterforts, so proportioned, will be equal in quantity of 
wusonry to a wall SO feet high, having a mean diickness of 15 feet 
Si inches : whilst the partial scarp revetment and counterforts, 
lecommended by me, will be equal in quantity of masonry to 
a wall of the same height, but having a mean thickness of 10 
feet 6 inches only. Thus by adopting a partial scarp revetment 
of die dimensions prescribed in my present rule, in preference 
to Yauban’s, there will be a saving of nearly one third in die 
quantity of masonry. 

Again, if we suppose diat a scarp of 40 feet in total height, 
exclusive of the parapet, is to be retained by a clemirevetment of 
SO feet; Vauban’s rule, counterforts included, will require a 
quantity of masonry, such as would build a wall 20 feet high 
mud 14 feet 8 inches thick : whilst the rule, above laid down by me» 
fCquires a qiinntky of masonry equal to a wall of the same height 
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that has been specified, but only 7 feet thick ; so that by adopting €ui 
latter profile, in preference to Vauban’s, under the dreiunstateaiO 
now supposed, there will be a saTing of masonry of more 
one halfi'*^ 


Rule VII. The dimensionz proper for Counterscarp revetments^ 
Gorge revetments^ or others^ intended to retain simple terrepleim 
only^ scithout parapets^ are as follows. 

Make your profile counterslopingj with a counterslope of one 
fifth, and a mean thickness equal to one fourth of the height, and 
give it counterforts equal to one sixth of the height, placing them 
at central intervals of four times their width apart* 


REMARK. 

The propriety of this mie is sufficiently proved by experiment mOji 
in Table IX, and experiment 401, in Table XIII, the former of 
which shows, that a counterscarp revetment of the dimensions herem 
prescribed would have considerable stability, even if deprived of 
its counterforts ; whilst the latter proves, that by the addition of 
these, it becomes an exceedingly strong profile. The same inference 
as to the sufficiency of the profile now recommended, is to be 
drawn (rom various other experiments, which I forbear to mention, 
as they will be seen by referring to the tables. 


Rule VIII. Although the dimensions of Scarp and CoufUer- 
scarp revetments, found b \j the three preceding rules, are strong enough 


* The reader will dearly understand, that in drawing these comparisons, 
1 do not pretend to say, iliat the counlcrslopiag profile, recommended bj 
me for scarp revetments and demire vetments, is actually stronger than a 
common sloping profile of the same dimensions would be. As far ao 
regards stability, the error lies, therefore, not in the slope or form of Van* 
ban's profile, but in the great waste and superfluity of strength, given by 
him to his partial revetments, owing to his having reasoned upon fids# 
notions as to the nature of the pressure of loose earth. 
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jfbr misting mg wmmon pressure of earth, that is likely to act 
upon them, get it will he advisable, in low profiles, to make some 
udiKiion to the thickness of masonry, for the sake of durability : 
And the same precaution will also be proper, in profiles of* every 
desorption, when the foundations are bad, or when the soil to be 
retained is of an uncertain quality, likely to vary, from time to 
time, between a state of dryness and humidity, 

Il£MAFK« 

It will be obvious^ that tbe durability of niasoiirv, paj ticularly 
JO northern climates, must in a great measure depend upon its 
actual mass. For example, a revetment, 5 feet thick, will certainly 
be much more durable, than another which is only 2 feet thick, 
alQtough considering them merely as retaining walls, their com- 
parative stiength, as opposed to a certain pressure of earth, acting 
upon them, may, in each, have originally been equal. Under 
this consideration, the first part of the rule, which has just been 
laid down, appeared expedient. 

Rule IX. In revetments, intended to retain soil of any 
tenacity, those parts of the masonry, which are to come in contact 
with the supported earth, should be built rough or irregularly, 
with the stones or bricks occasionally projecting a Utile. 

FLMARK, 

As the propriety of this rule is snffiriejitly proved b) llie eXperi- 
luents with rammed eartli, which show the advantages, arising 
from the kind of friction or cohesion, that the mode of construc- 
tion, now recommended, mast evidently tend to increase; 1 shall 
.only observe, that, in counlersloping profiles, the offsets in rear, 
which are always advisable, will produce the desired effect, as far 
as regards the back of the revetment, and the tail of each counter- 
fort, without the necessity of atteniptiiig any other irregularity in 
this portion of the work. 
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Rule X. It is^ in all casesj advantageouSf in unfavoura^^ 
ble soil, absolutely necessary, to lay out ihe foundations of rei^etr 
merits according to an inclined plane, a little deeper in rear thar^, 
in front. 

REMARK. 

As this rule applies most particularly to unfavourable founda- 
tions, which are specially treated of in the following chapter, the 
reason of it w-ill there be c.\ plained. When the base of the masoiny 
is considerable, it will generally be more convenient, and at the 
same time equally serviceable, to lay out the front part of the 
foundation, only, according to an inclined plane of the above 
description, making the remainder of it, towards the rear, hori^ti- 
tai, or nearly so. 

Rule XI. The exterior joints of the masonry of mQitary re- 
vetments should ahcai/s be horizontal. 

REMARK. 

The mode of construction, now suggested, is scarcely ever prac« 
tised witli walls having an exterior slope, because it w'ould lead to a 
waste of materials, in building with stone, and would be very 
inconvenient, in usiug bricks. The joints of common sloping, or 
of leaning revetments have, therefore, been almost always laid 
out according to an inclined plane, perpendicular to the exterior 
slope ; and thus the rain water falling on the external surface, is 
enabled to lodge itself, and penetrate into the body of the masomy, 
with greater ease, than if the joints w ere horizontal. As compared 
with the above profiles, the countersloping revetment has tliere- 
foi’c a great advantage ; namely, that the best anil most proper 
mode, of laying the exterior courses of the masonry, is also the 
most convenient in practice. * 


* It has beeu remarked, m various parts of tlic coutineiit^tliat perpendicu- 
lar towers, aud walls of considerable antiquity, coustructed cither by the 
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Rule XIL When a revetment is hacked mth solid rock for 
about one fourth or one third of its height, and from thence 
upwards with loose earth, the lower part of the masonry must be 
united to the rock, by short counterforts and projections ; which 
being done, its thickness may he diminished to much less than the 
usual dimensions allotted to profiles of that height : but as far as 
regards the remainder of the revetment, it must have the same 
mean thickness, and counterforts of the same proportions, as if 
there were no rock behind any part of it, care being taken, not 
by any means to make the upper part of the masonry zceakcr, but 
on the contrary, rather stronger, on account of the rock. 

REMARK. 

The case now supposed is one^ which is often likely to occur 
10 practice ; and at the same time it is one, in which, of all others, 
failure is most likely to ensue, if erroneous principles are acted 
upon* I therefore judged it best to be explicit as to this particular 
case, although the propriety of adopting the precautions recom* 
mended might perhaps have been sufficiently inferred, from a care- 


ancient Romans, or in the feudal a^es, arc in a good state of preservation, 
whilst the exterior surface of the masonry, in the revetments of modern 
fortresses, built by Tauban and others, on the same spot, and apparently 
with materials of the same quality, has gone entirely to decay. In the Citadel 
of Antwerp, I observed that scarcely any of the cut stone, with which the 
revetments had originally been coated, remained in a serviceable state. 
A few years ago, it was found necessary to new face a considerable part 
of the revetments of Portsmouth. Such are the disadvantages attending 
exterior slopes, especially when the joints of the masonry arc not horizontal. 

In the retaining walls of wharfs, harbours, or w'ct docks, wliich arc often 
under water for a considerable part of their height, it will be evident, fora 
reason before stated, that the form of the exterior surface, and the direction 
of the joints, are of less importance, particularly as water-proof cement cither 
k or ongfat to be used in such w^orks. which, as being too expensive, it is not 
common to employ in military revetments, or other buildings, exposed to^ 
the effects of weather only. 
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ful perusal of the foregoing parts of this chapter, without my 
having introduced a special rule on the subject. For it must 
be evident, that if the lower part of a revetment is backed with 
rock, but no means are taken to unite them together, there 
will be no pressure whatever upon the base of the wall ; so that 
tlie pressure of loose earth, which acts upon the upper part of the 
masonry, with a tendency to overset the revetment, not being at all 
counteracted, as in a common profile, by any pressure or force 
favourable to stability, w'ill have a mucli greater power of effecting 
the fall of the revetment, than if the masonry were entirely backed 
witli loose earth from the bottom upwards. Hence a revetment 
partially backed with rock, will be much weaker on that account 
than a common revetment, if the precautions recommended in the 
above rule are neglected. But if these are adopted, in the execution 
of the w'ork, the lower part of the'masonry will be so firmly united 
to the rock, that it will be impossible for the pressure of loose earth 
acting upon the upper part of it to overset the revetment, 
without breaking the wall to pieces, which will also be impos- 
sible, if those parts of the revetment and counterforts, which arc 
above the level of the rock, have the dimensions recommended in 
Uie rule now under discussion. 

By way of further illustration, I shall state some experiments 
which fully prove the truth of what has just been advanced. 

1st. We took the 8-iiich rectangular model, inches high, 
and backed it with a mass of shingle, a b ni n, pressing upon the 
whole of the back of it, from / 

the bottom upw'ards, and raised 
to the height of fjO inches over 
the top of it, as show n in the 
iirst of the annexed figures, 
so as to represcMit a partial ' * - ' I jc 

scarp revetment, having a berm ^ 

equal to the thickness of masonry. On trying the aver;ige stability 
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ot our profile, under the above circumstances, it proved to be 
equal to 12^ lbs. 

2dly. By means of an oblique board, e c, united at bottom 
to the top, c, of a small vertical board 8 inches high, supposed to 
be placed close to the back of the same jnodel, in the position, a c, 
as shown in the second of the above figures, wc were enabled to 
apply a mass of shingle, c b d so as to press on the upper part, 
c b, only of the back of the supposed revetnient, there being no 
pressure whatever on the lower part, a c, of the back of it. It 
will be evident, that, under the circumstances stated, the model is, 
in this figure, exactly in the same predicament, as a revetment bucked 
with rock for about one third of its height, measuring from the 
base, and from thence upwards with loose earth ; and the result of 
our experiments proved that it was much weaker in this ease, than 
in the former, for it had no stability whatever, but fell of itself 
by the pressure of the smaller mass of shingle, c b d e, with- 
out using the scale or yveights, as soon as that loose material was 
raised to a level, d e, only 17 inches higher than the top, b, oLthe 
model. Thus, in this case, the quantity of shingle represented by 
the trapezoid, c b d e, which overset the model, was only equal to 
about one fourth of the quantity of shingle, represented by the 
greater trapezoid, a b m n, in the first figure, which proved inca- 
pable of oversetting it. 

Sdly. In like manner, on trying the G-iuch rectangular model, 
also 26 inches higii, in the manner represented in the first of the 
two following ligiiies, it fell of itself b} the mass of shingle, a b h i, 
as soon as that loose material w^as raised to a level, h i, 86 inches 
higher than the top, b, of 
the supposed revetment, 
the supported mass be- 
ing in this case allowed 
to act upon the whole of 
the back of the model. 

4tlily. But on applying shingle to the same 6-inch model, in the 
manner represented in the second figure, fco as to press upon the 




RULES ON REVETMENTS, 


upper part, c cl, of the hack of the model only, there being no 
pressure whatever upon the lower part of it, a c, for the height of 
S inches from the base upwards ; tlie supposed revetment fell of 
itself under the pressure of the much smaller triangular mass of 
shingle, c d f, as soon as that material was raised to the level of 
tlie top of the model. Thus the quantity of shingle, which proved 
capable of oversetting the model, under the circumstances of our 
present case, was only equal to about one eighth part, of what had 
been found necessary for oversetting it, under the circuiiistaiices of 
our former case. I^ike results were invariably obtained by experi- 
ments tried with several of our other models, under similar circum- 
stances, which it would be supeifluous to mention.* 

For the convenieiicy of the reader, 1 shall now insert three new 
tables of revetments, marked. A, B, and C, which have been cal- 
culated accorc^ng to tlie lilth, sixth, and seventh of the foregoing 
rules. The first applies to full scaip revetments, without berms, and 
to partial scarp revetments or demirevetments, having berms equal 
in width to one fourth of the height of masonry or upwards : the 
second applies to ch^mirevelincuts or to partial scarp revetments 
without berms : the thii d applies to counterscarp or gorge revetments. 


In tlie owculioii of tli<‘ new Dock works at Plyinoutli, which were coin> 
menced alioiil sewn \cui's a^o, the sraip re\o(nicnt was, in sevcial places, 
hacked with shilc i(»ck, lor a c'uiisiderahle portion of its height upwards, 
the upper part of the masoniy only being exposed to a pressure of loose 
ruhhish. Coiitrar} to the general cxpeelallon, it w;is observed that the parti' 
cular parts of the rtwclinont, in»w alluded to, seemed less capable of re- 
sisting this partial pressure, than the ether parts of the same revetment, 
that were exposed to a general pressure of loose rubbish. Conseqiiently, 
it was soon found nceessar> to abandon the idea, which had at first been 
suggested, of dis]>eiisiiig with counterforts, in those peculiar portions of the 
revetment, that were hacked with rock towards the bottom. I avail in>sclf 
of this piece of iuforniatioti, which was communicated to me by an 
Fngiiiccr Oflicer, cmployefl at Plymoiitli at the time the remark was 
made, as a practical coiifiriiiation of tlic^ triilli of the principles of revetments, 
deduced by me from my experiments with shingle. 1 was not aware, that such 
a eircumstauce had occuned, until the first sheets of this chapter were 
actually sent to press. 
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Dimensions proper for Deniiretetmenis and Partial Scarp Revetments without Berms. 
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RULES ON REVETMENTS, «S1 

Til using the aliovc tables^ the precautions, given in die eighth 
and ninth rules, should be kept in mind, and attended to, whinf^ 
^ver it appears necessary ; and in building with brick>work, if die 
dimension, laid down, involves any auk ward fraction of a brick, ** 
it ought to be rejected, and some other dimension, as nearly equal 
to it as possible, but free from that inconvenience, may be adopted 


* I'bc size of bricks varies in diflercut countries. The bricks commonly 
used in England, are about 9 inches long, 4J: inches wide, and Sf inches 
thick* CoiisoqiieiilU, a 1^-tirick wall implies one that is about 14 inches 
thick, a S-brick wall implies one that is about 18 inches thick, a 2f-brick 
wall implies one that is alxnit 93 inches thick, &e. &c. 

When the mortar is not applied too thick, 29 courses of bricks occupy 
about 7 feet in the hcigiit of u wall ; and consequently about 425 bricks are 
required lo build one cubic yard of lirick-work, by which proportion the 
quantity of bricks necessuiy for Completing the scarp revetments of a 
fortress may easily he calculated. 

Eor cxanifde, if we supfiosc a fortress to be a regular decagon, having 
exterior sides of 384 yards, faces of 110 yards, and perpendiculars of 04 
yards: the length of one front will be equal to 482*6 >ards, as appears by 
referring to the first table, given in Chapter XVI ( See page 3^^ ) ; and there- 
fore, ai» tliei e are ten fronts, the total leiiglh of the searp revetments of the 
main iiielosnre wdll be equal to 482*6 x 10iz482G rnntiitig yards. But if wc 
further suppose these icvctnients to be 30 feet high, and constructed 
.'41 cording t# the fifth rule given in <uir present chapter, each running }ard of 
profile will contain 33^- cubic yards of brick-work, as may be seen without 
the trouble (»f ( alciilation, bv referring to 'fable A. The numbers 4826, 
and 33j[^, must iJiereforc he multiplied together, and the ]^roduct, 160,866|, 
v\ill give the t<uai iiumher cd' cubic yards of brick-w ork required for the 
witolt* of the main iiielosnre of the supposed fortress. The result, thus 
obtained, must last!} be multiplied by 425, the number of bricks necessary 
for building one cubic yard, and the product 68,368,393 will show very 
nearly the number of bricks^ wliicli oiigbt t<i be provided for building the 
scarp revetment aud eouulerrorts of the body of the place of the supposed 
decagf)!!, according to the new' fwidilo suggested in this chapter. The 
above serves as a second spt'ciiiicn of the great facility, wherewith a rough 
estimate of llu' quantity of imisSomy, requin'd for revctiiig a fortress of a 
given extent, may be diawn up, by means of the vurious tables contained 
4j) tliis book. 




6m ELEMENTARY FORTinCATION. ciur.xxvi. 

instead ; as is always done, in civil works, in determinin*^ the 
dimensions of walls of inconsiderable thickness, such as those ot 
dwelling houses, garden vvalls, 8cc., in which a half brick is the 
smallest fraction allowed. 


CHAP. XXVL 

THE SAME SUBJECT CONTINl ED.-IN M HAT MANNER 
THE PRESSURE OF EARTH UPON REVETMENTS MAY 
BE DIMINISHED, BY BREAKING ITS CON TINl JI’Y — 
OF COUNTERARCHED REVETMEM'S, CONCAVE RE- 
VETMENTS, AND CURVED LEANING REVErMENIS.- 
THAT THE SMAl.L INTERIOR REVETMEN'J'S OF PARA- 
PETS MAY SOMETIMES BE DISPENSED WITH 

From the expeiiments, recorded in the preceding chapter, i( 
must appear sufticiontly t vident, that the nature of the action of 
the pressure of loose earth upon revetments has hilheito been 
generally misunderstood, and almost always gically ovenaied* 


• It is proper t«> ohsor^e, that having heru little rmplo^erl iu llii' eon- 
Btnietion «>t' j>erin.ineii1 works, 1 never had eeeasion to turn iny mind niueh 
to the subject of KMetmeuts; nml my object, in und«!r(akiiig^lio present 
volume, was, rather to lav down, in a clear manner, sm b »»r the Ele- 
iiientarv Priiieiples (d’ Portificafion, as wer;: generally ifceived, than to 
attempi any new discoveries of my own. Chapter xxiv was areordinglv 
written b> me, as a slatenicnt of the docliiiics, re garding the pressure el 
earth, Ke., geueriillv held by former writers U|)ou tliis subjeef. Ii was 
begun without any snspieioii of the fallacy of ihc.si* doetiines: Initw hea 
finished, 1 found the result, paifieularly as far ns ngarded partial revet- 
ments, of so very unsaTisfaetory a nature, that it gave rise to doubts in iny 
mind; and I was indiiecd to suspend the further proseeution of my book 
altogether, until 1 had tried the experimenis, deseribed in Chap, xw, which 
have enabled me to lay down a very difl'eient fheory of revetments, founded 
upon new principles. 

Just as I had completed this last-mentioned chapter, I received from 
Paii.s II book that I had sent for upon (he cune subject (e ititJed, “Traite 
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Accordinj^ly, various precautions have been recommended, and 
often adopted, in practice, with a vie>v to diminish the said pres^ 
sure, when, hv reason of the great strength of masonry, no un^ 


evf)rrinKMit«l, aiKilylirjur, of pralitjiK*, do la Ponssce des Torres, et des 
Miirs de Hl v C leiMcjd/’) \uilfeii by Mr. Mayniel, a robujcl of eiiginerrs in 
Ibe FiCiirli service, in wliicli are detailed \arious theories of revetments, 
formed at ditlerent limes, chiefly by Frencbmrn, only one or two writers 
of other nations Ix-ing iiotieeil. IVTany of the theories or systems introduced, 
were papers presented to the (’ommittee of Fortifications, by IVencb engi-* 
ncer ofliceis, from time lotime, wliicIi, it would appear, there lay neglected 
and forgutlen, iinlil published in the work now alluded to. Of this class is 
a theory, found in the Depot of I'ortiticalions, dated 1774, and written by 
an ofTn’er of Fni^inet rs, c alled Mr. Tersae de Montlong. This gentleman 
makes the same ob jeciion to the eoiumou doefrines of the pressure of earth, 
that afterwards oec r.ired to me, iia?^iely, that there must be a certain por- 
tion of the supported mass, whieh tends to add stability to a revetment; 
and it is rcmarktible, that one theory, laid dow n by him, and reduced to an 
iilgi braical formula, is very nearly the same, w hieli at first stnick me as 
likely to prou’ correct, but uhieli 1 ultimately rejected, on further consi- 
deration o| the siibjeel. {See the note to page 545.) 

JMr. Tersae, in illustrating his doctrines, di\ides the supported mass into 
two p(jrlions, an upper and a lower, exactly in the same manner aflerw'ards 
done by me ; but whilst I agree with him, that the tendency of the low^cr 
portion is solely to slabilitati', — that pari of his theory, which is tbunded on 
a supposition, that the upper ))ortion tends wilh its whole weight and power 
solely tc» o\ci'set, must be l aside as erroneous, for 1 have proved, both by 
reasoning and by experiment, that the panicles id' loose earth composing it 
ha\c a doiihle action, feuding not only to overset or weaken, but also to 
strengthen the revetment ; and that, altlimigli tlic former force always 
appears to piojionderute, it is id'ien in a very small degree, so that in many 
cases, even although the actual weight of the upper portion of the sijj»- 
poited mass of loose earth may be very great, as, for example, more than 
do' ble that of the re\etme!il upon wliieli it pres^es ; yet the diminution of 
slabiiity, thereby oeeasioned to the piofile, instead of hearing any propor- 
tion to so great a mass, may, comparatively s)H‘aking, be altogether incon- 
siderable and insignificant, not exceeding, for instanei*, one forty-fifth part 
of the original stability of the same profile, before any loose earth was 
applied to it. {See from page 545 to page 551 ; and nflerwarths, from page 
501 to page 595.) 

Rut the very erroneous nature of this- pari of Mr. 'Forsac’s theory, which 
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fiiTOurable effects could have been produced bj it. These expe- 
dients shall now be taken into consideration. 

If we suppose the two reveiments^ A and B, represented in the 


I have just objected to, will be proved in a siilJ clearer and more con* 
vincin^ lijcbt, by tbc following experiment, which was Iriod by me with the 
sloping model, whose height was 26 inches, mean thickness 12 inclics, and 
slope Jtb of the height; in which experimeat, instead of backing the iiiodol 
with shingle in the usual 
maimer, that loose mate*- 
rial was applied to the 
upper part (o f) only of 
the supposed revetment, 
as shewn in tlic annexed 
figure, and was raised to 
tbp level, h d, of 60 inches 
above the tup of it. Tbo 
height, e o, of the point 
which represents the lc\el 
of the bottom t^f iJie sup- 
ported mass of shingle, o f h d, w^as equal to 12 inches, and w as so regu- 
lated, that i u, and o d, formed one continued right line, [)araliel to the. 
natural slope, fli, of the upper part of the supported mass of shingle, as in 
aomc of our former oxperiincnls. 

The peculiar arrangement, now descfibe<l, w'as produced by removing 
the sloping board, which bfHinded the sbingie in rear, from tin* position, 
in n, in wliicli ii had stood in all our former ovpciinierits, and placing it in 
the new position, o d, which hctiig done, wc fixed to it, at bottom, a 
smaller vertical board, toueiiing and nearly corresponiling with the lower 
part, oe, of the back of the supposed revetment. Thus, the mass of 
shingle, oflnl, ])ressij)g upon the model, in our present figure, exactly 
agrees with wliai, would have been the upper portion of the t(»talnia.ss<»f sup- 
ported shingle, had that hjose material heen applied, not jiartially, but to the 
w hole of the back of our model, in tiic usual manner in which it would 
actually be applied, in practice, to the hack of a real rc\etment. 'J’lic 
point, r, in our figure, repicsciits the renter of gravity of the supposed 
revetment, i b f e, w hilst the point, c, represents the center of gravity cd’ 
|be supported mass of shingle, o f h d ; and the iliic, r s, perpendicular t(f 
je and c p, is perpendicular to id. 

To apply Mr. Tersae's theory to the cireumstauees rcpreseulccl in our 
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annexed figure ( See page 637 ), to be exactly equal to each other 
height^ mean thickness^&c.^and each to be backed with loose sbingib ftV 
counterscarp revetments : and^ if we further suppose^ that the shingle 


present the power of the model to resist the pressure acting upon it 

ought to he ill proportion to the area ot'ib f v, multiplied into the lever» i $, 
and also into the specitio gravity of the supposed masonry; whilst the power, 
exerted hy the mass of shingle to overset it, ought to be the area of 
ofiid. multiplied into the le\er, c q, and into the specific gravity of 
shingle. Tint it \^as Ix ture statod, that in all onr experiments the weighf 
of the models used was 84lhs. per cubic fool, whilst that of the shingle was 
89 lbs. And it therefore follows, that acTording to the above tlieory, tho 
stability or resisting power of the supposed masonry, in our present profile^ 
ought til })e as the ari'a c»f i b f e X i s X 84 : whilst the oversetting power 
of the shingle tmglil to lie as the aica of, o f h d x c p X 89. 

Now, on reducing these propoitioivs to numbers, by calculating in con* 
formity with the dimoiisions before stated, it will be found that, according 
to Mr. Torsae s theory, the resistance of the supposed masonry ought to bo 
as 22C>.9'i8, whilst tlie oversetting power of the shingle ought to be as 530,139; 
whicb proportions i educed are as the niiinbers 181, and 430, nearly. And 
couse<]ueniiy , as the latter uiiinber is about 2^ times greater than the former, 
it follows, that when the attempt was made to back the supposed revetment 
with shingle, to tiie height, d n, in the inaiiner represented in our figiirei 
the model ought to have had no stability, or power of resisting so great a 
mass as ofhd, hut ought to have overset, in eoiiscciuciice of (he pres- 
sure arling upon it, long before the sliinglc was raised to so high a level. 

7'hc actual result, however, of out cxperiiiieut, which shall now he dr- 
.scM'ibed, was \ cry widely different. Imu*, whilst the average original sta- 
bility of our model, before any shingle w as apjilied, w'as found to be equal 
to 181 lbs.; the average stability of tbe same model, when loaded with the 
mass of shingle, ofhd, proved to be no less than 173 lbs. Hence Ihu 
original stability of our model, was to its stability, w hen backed with the 
above mass of shingle, as 181 to 173, as w as aseertaiiicd by the average of 
seven very accurate sets of trials ; wdicrcas, ai.eording to ]\lr. Tersat:\s theory, 
the above proportion ought to have stood as 181 to less than nothing; it being, 
of course, from the above calculation, as 181 to -249. It would, therefore, 
be superfluous for me to say any thing further in eoiifutation of such 4 
llicory. 1 shall only remark, that, in the present instance, J adopted 
the peculiar mode above described, of estiiiiatiiig the weakening power 
of the upper portion of the supportt'd eaiili. pressing upon a revet- 
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pressing upon the first revetment^ A^ is uiimixcd with any otiier 
material, but that the siiiugle, pressing upon the second revetment, 
B, is divided into four several horizontal layers or strata, by tiirec 


ment ; not that I oonsidor it so accurate as the foriiior mode generally used 
by me for the same purpose, ainl described in the preceding chapter; but 
because the resuJls, aiforded by the present method, differ less from Mr. 
Tersac's Iiy]iothesis ; and therefore, in controverting his doctrines by ex- 
periment, I was willing to use that process, which was the least unfavour- 
able to them. 0 

It is true, that Mr. I'crsac docs not give the above theory as conclusive, 
nor even the hypothesis, upon which it is founded, as being strictly acni- 
rate; but stales, that he considers it inorelv as an :L})pro\ima(ioii to the 
truth, ill a very iiitncatc siihjeet, which, by making the pressure of loose 
earth rather more powerful, tliaii it would be in reality, tnay» he conceives, 
be trusted to as a safe guide in practice. And he e\(M) lays fU>\vn aftoi- 
wards another theory, founded on n dilfcrcnt view of the subject, upon 
which, or on a combination of the two, it is staled, that he composed 
tables of revetments, which have not, lio\ve\er, been copied iiit(» ('<d<uteft 
Mayiiiers work. As to the hypotlic.sis. hronght forward in Mr. Tersae's 
second theory, wliieh is not very clearly explained in the above work, it 
seems to bear no similarity, whatever, to any thing advanced by me, in 
the preceding chapter ; and, therefore, it would be siipertliioiis to ncdicc 
it, particulurlv, as he has not attempted to support any of his ideas by 
experiment, whieh is, 1 coiie.ei\e, the only in oil e of btainpiiig a value 
upon surli speciiiatious. 

Ill Uie same lKM»k are related a number of experiments, tried by the 
author (Coloiici MaMiicI) himself, in concert with some other rreneh 
engineers, with a \iew to in\estigalc the pressure of earth and sand upon 
revetments, hut v. lueh, 1 must confess, appear to me to prove very little; 
since those, mi whieh he lays the greatest stress, and to whieh he ehietlv 
trusts for the .siij',pnrt of his own favourite theory, w ere tried, not w ith any 
solid body or h'ulies, in the shape of or acting like revetments, hut with a 
vertical plane of woodw'ork, resembling a eommon window shiitti'r, move- 
able on hinges at bottom, and deriving no stability whatever, either from 
its weight, considered as a mass, or from its base, it having none. Five of 
the experiments made by him wcie, however, eondiiclcd in a manner 
more like ly to have led to siune useful conclusion, having been tried with 
walls of brick and mortar, each about 4 feet 11 inches long, and 3 feet 
inches high, whieh h<* hacked with very loose sKiid,&e., under varioiis)eireuru- 
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inlcrmcdlate courses of any solid substance, such as woodwork; 
then the quantity of shingle, supported by and pressing upon the 
back of the revetment, A, vidll be represented by the right angled 
triangle, g h i, whilst the quantity of shingle pressing upon the back 
of the revetineiit, 11, will be represented by the sum of the four 


hi 1C? 



small rijitit angled triangles, a 1 2, c a 5, c c 4, and 5 e G. The 
height of eiic li of lliese small triangles will be rather less than one 
fourth of g 1:, but if, for the Sake of clearness, we suppose that ' 
proportion to hold good, the sum of all the small triangles will be 
to tluj lai'ge triaugh , as four limes the square ot i to the square of 
4, or in other words, as 4 to IG: and, consequently, the pressure 


stances, until they overset, f’our of thcjse walls Merc rectangular; 2 of 
which had a thickiic.'-s ripial to ulioiit parts of their height; 1 had a 
tliiekiK'ss e({ual to uhoiit -J*,- parts of its height ; and another had a thick- 
ness eipial to I ‘I parts of its height. The remaining wall was counter- 
sloping, with two otVsets ill rear, ami had also an exterior slope of -j^-gtli, 
its mean thickness being eipial t(» about *}\ parts of its height. On referring 
to the Mork, now qiiolcil, it Mill probably be allowed, that these five last-men- 
tioned tiials with brick Malls were too limited in their nature, to throw mudi 
light upon the subject of rcvidmcnts ; and that the ulhcr experiments, 
made by Colonel Mayuicl, which 1 before alluded to, fire still less con- 
clusive. 

With respect to the experimetits, recorded by him, as having been tried 
by foriner J'Vench m t ilers upon the same subject, they appear to have beea 
done with so little variety of circuiustanee.s, and in general on so very 
diminutive a scale, as to be absolutely nugatory. 

1 have myself iu ^iew some further experiments on revetments, which 
1 shall probably try at my leisure. 
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shingle upon the back of the revetment, B, is only equal to one 
fourth part of the pressure of shingle upon the revetment, A. 

With a view to ascertain the point now under discussion, 

1 cauaed the following experiment to be fried: a mound \va^ 
fbrmed of layers of loose earth, intermixed with woodwork, 
in the inanuer shown in the annexed figure. The base of 
the mound was 1 1 feet () 
inches square. The hori- 
zontal courses of w'oodwoik 
were placed at intervals of 

2 feet apart, and w ere foi in- 

edof inch plank.s, con- 
nected together by ledges of 
the same thickness.* By 
this means we were enabled 
to carry up the mound to a b 

the height of about 13 feet, making the dimensions of it near tlic 
top, ate d, equal to the base, a b ; and ii evident, that liy the 
same proces.s, we might have rais 4 *d it almost to any given height. 
But if we had used only loose earth, williont interposing courses 
of a solid material, at certain intervals, (o break the continuity, 
it would have been impossible to raist; our mound higher than 
about 6 feet from the grmnid, at which lieiglit it would have ter- 
minated in a point, forming a kind of square pyramid, the srx'lion 
of which is represents d by the tiiruigle, a e b. An inspection of 
this last figure w ill clearly prove, what 1 before asserted, that the 
four small triangles, a 1 2, c a 3, e c 4, and 5 e (>, are a true repre- 



• In order to save expense, wc used pontoon chesses in experi- 
ment, which was conducted l»y Mr. Nairne Forbes, of the Ifonoiimble 
Easl'India Cnmpanv*B Engineers, then doing duty at rhatham iiader niy 
command, with the rank of Ensign. 
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mentation of the total quantity of shingle pressing upon tlie bach 
t)f the revetment, B, shown in our former figure. 

But it is not absolutely necessary, in order to produce the elBfect 
of greatly diminishing the pressure on the back of a revetment, 
that the intermediate substance, which breaks the continuity of 
the loose particles of llie supported mass, should be an inflexible 
body, like strong woodwork; for the same object may be attained, 
to any required degree, by using flexible substances, such as 
canvass, thin layers of brushwood, &c. as we ascertained by the 
two following experiments, both of which were tried with the 
couiitersloping model, 52 inches high, having a mean thickness of 
y inches, and a countcrslope of one fiUh, 

On applying shingle to the back of tlie above model, in horizontal 
layers of four inches in height, divided from each other by comses of 
<aiivass,* in the manner 
represcntci^i tlie annexed 
figure, the stability of this 
proffle, as a counterscarp 
revetment, piovod to be 
o-tibs; its original stabi- 
lity before the shingle and 
canvass were applied being 
6‘2lbs*, so thiStt the loss of 
stability, occasioned*, Jby, the pressure of shingle thus applied,, 
may be estimated al H lbs. which is hi ^^he jroportion of about Jtli 
only of the oiiginal stubilit^i;^*,^ * 

Afterwards we applied the shingle to the same podel, in layers 
of 4 inches as before, but using courses of small loose twigs not 


• Wc used empty snnd-bags for this purpose. 

t In three several trials with shingle and cam ass, the stability was Suc- 
cessively 44, 57, and 6l lbs.; the average being 54 lbs. 
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exceeding half an jncli iti diameter, to break the coiitiiiiiity of 
the pressing material, in the manner represented in figure B, 
which being done, the stability of the profile proved to be 49 lbs. ; 
80 that in this case, the loss of stability may be estimated at 
13 lbs. which is in the proportion of about 4 th of the original 
Stability.* 

Hence it appears, that this model is fully strong enougi* for a 
counterscarp revetment, for supporting shingle, or any similar pi 1 - 
fectly loose material, provided that the latter is divided into sq^a- 
rate horizontal layers, by the insertion of intermt'diale courses of any 
other substance, such as planking, canvass, or brushwood, which is 
capable of breaking the continuity of the prissing material. Now 
it was proved by one of our former e-\pcriiiients (SVe Table XI, 
Ejcperirnent 345), that the same model had no stability whatever, 
as a counterscarp revetment, uheii the shingle was applied to the 
back of it, undivided by courses of any other substance ; and 
therefore it will be evident, that the various ONpedients. now under 
discussion, may be used to great advantage to diminiJi the pres- 
sure of loose earth upon revetments; which lia\ing hillicrto been 
generally considered an object of great importance, almost all 
writers upon practical fortification have accordingly recommended 
brushwood for this purpose, as being the cheapest expedient that 
can be adopted. 

There are thneejm’s, in which the above mate rial may be u sed 
in con solidating the tcrr epleins of reveted work s ; first, by apjdying 
it in the form of regular fascines which need not exceed six niches in 
f diameter ; secondly, in tSe forni ofjiurdles; thirdly, by merely spread- 
ing it loose in courses , not exceeding three or four inches in depth, 
"whichever method is used, the courses, w hether of fascines, hurdles, 
or branches, may be placed at intervals of from three to four feet 


* In three several trials with shingle and twigs, the stability was succes- 
sively 58, 44, and 45 lbs.; the average being 49 lbs. 
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apart : and instead of laying them quite horizontal, they may have 
a gentle fall towards tlie rear, to carry off the rain-water which may 
souk througli from above, and prevent it from lodging against the 
back of the wall. Fascines were generally used by the French 
Engineers in forming the terrepieins of their fortresses, during the 
reign of Lewis the Fourteenth : branches were adopted in prefe* 
rence, in constructing the ramparts of Portsmouth ; and the latter 
must certainly be allowed to be a better method, for after the wood 
rots, which must be expected in course of time, the mass of the 
terreplein will eventually, in this case, have more consistency, than 
in the former. * 

As the intermixture of any perishable material, can evidently ohly 
cause a temporary diminution of tlie pressure of earth upon a revet- 
ment, it certainly would not be prudent to adopt a weaker profile, 
on this account, than would be required, if no such expedient were 
used. Ill building a fortress, n o diminution of the maso nry can 
therefore a rise from the use of brushwood, w ' hich m ay according ly 
be rejected as a superfluous expedien t ; 
works, constructed in loose soil, it may 


But the principl e of breaking the continuity of the supported 
earth, although useless and ineficctual for permanent purposes, if 
ally p erisha bie material is employed, may in many cases be applied 
to advantage, so as to produce the desiied cl^ect.4>l saving expense, 


Imti^hejara ^p of fieii 
be^f^reata5vanUge.-f^ 


♦ Hurdles are best of all. They arc more compact than branches, and * 
occupy miicn less space Jfian fascines. 

t In besieging the Castle of Santa Maura in 1810 , there being no earth 
on the spot, sliiiiglo was used for the batteries, wdiich was intermixed with 
brushwood laid iiorizuiitally, and also with fascines, used as headers, run- 
ning through the whole mass at central intenals, by winch means it was 
found practicable to complete the nccessarv revetments w ith fascines, the 
common method of securing them by pickets alone, without these addi- 
tional precautions, having previously failed. 


YOL. 11. 
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plumed that masonry itself, or any other durable substance, con* 
liected with the body of the revetment, is used for that purpose. 

To explain the 
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mo de of con- 
struction, now 
a&uded to, let 
us suppose a b, 
in the annexed 
figure,* to repre- 
sent the exterior 
surface of a re- 
vetment, and that 
it bas counter- 
forts at certain 
intervals, which 
instead of being Jj ‘ 

built indepen- 
dent of each other, accpitiing to the usual system, are connected by 
five^tiers of arches,.w]tich appear in section in the figure, but two of 
which only, f k n p, and s u v q, are lettered, to prevent confusion. 
Then it will be evident, that, if the revetment, thus constructed, is 
backed with loose shingle or earth, the five tiers of arches will pro- 
duce the effect of breaking the continuity of the pressing material, 
so that instead of being equal to the great triangle, d c m, tlie quantity 
I of pressure acting upon the back, c d, of the revetment, will be 
represented by the sum of six small triangles, shown in the figure, 

I of which, f c h, is the uppermost, and d r y, the lowest. Now if 
*wc suppose the revetment, a b c d, to be of such athicknessr;rtliSn:' the 
pressure of the small triangle, f c Ii, is incapable of breaking down 


\ * This and some of the following figures, although referring to dimensions 

actually specified, have been drawn rat her out of proportion, for the sake 
of clearness. 
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the portion of masonry which is immediately in front of the line, 
f c, and that the pressure of the small triangle, s n o, is incapable 
of breaking down that portion of masonry which is in front of the 
line, s n, and that, in like manner, tlie pressure of each of the other 
four small triangles is incapable of breaking down that portion of 
the revetment, upon which they respectively act ; it follows, of 
necessity, that the whole w'eight ^f these triangles must press verti- 
cally dowin^ards ; and consequently not only the mass Of shingle, 
represented by the trapezoid, f li w k, but also that, which is repre- 
sented by the triangle, f c li, or, in other words, the whole of the 
shingle contained in the space, f c w k, must press vertically down- 
wards upon the crown, f k, of the highest arch represented in our 
figure, provided that the upper part of the revetment has such a 
thickness, as not to admit of its being torn asunder by the lateral 
pressure of that portion of the same mass, which acts upon it.* 
Now it must be evident, that the revetment cann'^t possibly be 
overset iij>on the jiivot, a, without raising the arch, f k, during thl^ 
movement, to a much higher level, and therefore the weight of shingle 
contained in the space, f c w k, o])poses not only tlie rise of the 
arch, but also the fall of the revetment, with its whole weight; 


* If the lateral pressure of any loose material is not capable of tearing 
asunder the obstacle, which resists it, it must of cmirse become d(»riiiant 
lor the time being. Thus in tlic body i»f a waggon, whose sides arc removed, 
it will be evidiMit, that coals, although a loose material, may be piled up 
perpendicularly, to any rctjuired height, provided that they are pre\imisly 
inclosed in sacks, and built in regular horizontal courses like masonry. 
Nfow under this supposition, it must be allowed, that the lateral pressure 
of the loose coals, acting upon and resisted by the inclosiug cam ass, does 
not In the least degree diminish any part of the vertical pressure arising 
from their weight, the whole of which is supported by the body <»f the 
waggon. Yet at the same time, the lateral pressure, although dormant, is 
not done way, for if any of the exterior sacks were cut, it would imme* 
diatcly come into action, and cause the loose coals to rush out through 
the aperture. 


X X 2 
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and in like manner the shingle contained in the space, s n p u, hf 
acting on the crown, s u, of the arch below, opposes also the fall 
of the revetment w ith its whole weight ; and in short, the same 
doctrine holds good in respect to all the other arcfics, which are 
acted upon bj similar masses of shingle, and with a similar tendency 
of adding stability to the revetment. 

Reasoning thus, it will appear, that the whole mixed mass of 
shingle and masonry, represented in section by the figure, a b w i, 
combines together in resisting the pressure of that portion of the 
supported triangle of loose shingle, d c in, which has a tendency to 
overset the revetment; and therefore, if we suppose the specific 
gravity of the shingle and masonry to be equal, the said mixed mass 
will, as a revetment, have very nearly as much stability, as if the 
whole of the space, a b w i, which represents the extent of it, were 
composed of solid masonry. Hence may easily be determined, 
under any given circumstances, the dimensions proper for A 
COUNTER auched revetment, which is the term used 
to designate the profile rcjircsenieil in our present figure, in con- 
tradistinction to the other kind of revetments, treated of in the 
preceding chapter, which are called simple revetments. 

For example’s sake, I have supposed the counterarched profile, 
a b w i, to be a rectangle, on account of clearness, although 
any other form, sloping, leaning, or countersloping, might 
have been chosen for llic same purpose. liy Experiment 124 , 
Table V", it appears, that a rectangular revetment, whose thickness 
is equal to three tliirieentlis of the height, with counterforts 
also equal to three thirtceullis of the height in length, possesses 
sufficient stability as a counterscarp revetment. Now the total 


• In the casemate*! work recently coHstriicled at Suafh-sea Castle, near 
Portsmouth, the thickness of the counterscarp revetment, which is rectangu- 
lar, is equal to one fourth of the lieight ; the counterforts are square, and also 
equal in length to one fourth of the height, aud pla(‘cd at central intervals 
of four limes their width apart. The propurlions of this profile, which was 




COUNTERARCHED REVETMENTS. 645 

clepth of masonry, ki the rectangular profile, which has just been 
stated, if measured in section through one of the counterforts, ia 
equal to six thirteenths of the height. In determining the dimen* 
sions of our counterarched profile, a b w i, we cannot therefore 
well allow less, than the above proportion ; on the contrary, as the 
actual mass of masonry will be much less than that of the simple 
profile in question, it will be prudent to make tlie depth of it rather 
more than six thirteenths. We shall accordingly suppose the lines 
b w, and a i, which represent the said depth, to be each equal to 
one half of the height, a b, in which case the strength of the 
two profiles under consideration will probably be nearly equal. 

Now, to reduce the matter to fixed dimensions, if we suppdse 
the height, a b, to be UK) feet; and that the five arches are each 
feet thick, which is as substantial as can possibly be necessary, 
the six spaces, c f, n s, r d, &c., into which the supported 
shingle is divided, will each be 15 feet high, and this wdll of 
course determine the value of the various pressing triangles, 
f c h, s n o, 8cc., acting on the back of the revetment. But it 
has been proved by Experiment 43, Table II, that a rectangular 
profile without counterforts, whose thickness is equal to one third 
of its height, is sufficiently strong for resisting the pressure of 
shingle, as a counterscarp revetment.*^ Accordingly, the thickness 


backed witJi sliinglc, so very nearly agree with those of the similar rec- 
tangular profile, mentioned in the text, the diflerciice of mass in proportion 
to their respective heights being only as 13 to 13; that it appeared proper 
to introduce it, partly as affording some support to iny experiments, and 
partly because the counterscarp re\etmcnt, which 1 have just described, 
and which I believe is about 11 feet high, is the only instance, to my 
knowledge, of a rectangular profile having actually been executed. 

* In the experiment alluded to, the thickness was equal to four 
thirteenths of the height only, which is a little less than one third: there- 
fore the latter proportion will be ample, fur the revetment of our counter- 
arched revetment ; particularly a.s it derives great additional stability from 
the piers and arches, that arc united to it. 
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al top and bottom^ b c, and a d, of our supposed revetment, may be 
made equal to 5 feet, which being done, it will be impossible for 
it to be broken down, in any part, by the pressure of the various 
triangles, that act immediately upon the back of it, the height of each 
of which is 15 feel, as was before stated. This being determined, 
the depth of the arches (f k, s ii, &c.) and the length of the counter- 
forts, w hich serve as piers for supporting them, will of course be 45 
feet, the total depth of masonry, b w, or a i, being equal to 50. 
With respect to that part of the revetment, w hlch is above the upper- 
most arch, it is already nearly strong enough ; but, by way of further 
precaution, we shall allow it counterforts 6 feet long, one of 
which is show'n in the figure, by the rectangle, feet. The piers 
or counterforts, may be about 3 feet wide, with central intervals of 
18 feet, which is six times their width, and which will allow a clear 
space of 15 feet, for the span of each arch. Segment arches of 
uniform thickness llirougliout, and rather flat, having a rise, for 
example, of about C feel 0 inches, which is in the proportion of one 
sixth of their span, will be the most convenient. The perpendicu- 
lar hoJgiit of the lowest arch above the level of the base, a i, of 
the u'veiment, may be 13 feet y inclicM, at tlie spring, and 16 feet 
3 inches, a: the crow'ii, so that its mean height above that level 
will be 15 feet, accoidjn^ lo our former siq>positioii. 

Such being the diinensious of our supposed coimtcrarched levet- 
ment, u will be found, by calculation, that liie quantity of masonry, 
contained in this profile, including the revetment, with the counter- 
arches and their piers, and the counterfort above them, wdll be very 
nearly equal to that of a simple wall without counterforts, of the 
same height, and having a mean thickness of about 15 feet 
7 inches.* 

* The rough estimate, from whence this conciusion was drawn, is as 
follows, 

The area of the revetment, abed, as it appears in the section, is 
r: 100 X 5 zz 500 sujicrflcial feet. 

The area of one arch, n f k p (or v s u q), as it appears in the section, is 
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Now, according to the seventh rule, given in the preceding chapter^ 
a simple counterscarp revetment, counters! oping at one fifth, ought 
to have a mean thickness of Jth of its own height, besides counter- 
forts, adding to the mass of masonry, in the proportion of a con- 
tinued wall having a mean thickness of one twenty-fourth part of 
the height ; and consequently the mean thickness of a simple wall 


= 45 X 2 =: 90. There being 5 arches, multiply by that number, and 
90 X 5 =: 450 superficial feet for the whole. If the arches were fiat, the 
above would be a just estimate, but in consequence of the curve, about one 

450 

fifteenth part more must be added. 450 + — = 480 superficial feet, will 

therefore represent tlic true value of the five arches. - • 

The area of one pier, d r x i, is == 45 x 15 = 675. Tliere being 5 piers, 
multiply by that number, and 675 X 5 = 3375 superficial feet, will give 
the area of the whole, as they appear in the figure ; but as the masonry of 
the piers occupies only one sixth part of the space in rear of the revetment, 

3375 

the above value must be reduced in proportion, and accordingly — ^ 

562| superficial feet, will give the true estimate of tlie piers. 

The area of the counterfort, feet, ^ove the uppermost arch, is 6 
X 15 = 90, of which, for the same reason, that applied to the piers, one 
90 

sixth part = =15 superficial feet, must be taken for the true value. 


JRecapituiation, SupeifieUilfeet* 

The revetment ------ 500 

The five arches ------ 480 

The five j)iers 562f 

The counterfort ----- 15 


Total value of masonry iu the section - - 1557| 


Hence, as the height of the profile is 100 feet, the above result must be 
divided by that number, and the quotient will be equal to 15*575, or to 15 
feet 7 inches nearly ; which accordingly shows the mean thickness of a 
simple wall, without counterforts, of the same height, equal, in quantity of 
masonry, to the countcrarched revetment, represented in our figure. 
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equal to a revetment and couiiterfortg so proportioned, if calcu- 
lated according to the above rule, is 29 feet, 2 inches. 

The quantity of masonry, contained in the counterarched pro- 
file now under discussion, will therefore be, to that contained in 
my countersloping profile, in the proportion of 13^ to 29^ nearly ^ 
being only about one half of the latter; and thus it appears, that 
by a judicious application of the principle of breaking the con- 
tinuity of the supported mass, a counterarched revetment may 
be built, equal in stability to a simple revetment, in which 
this principle caunot be applied, and at the same time, w'ith a 
great saving of masonry, that is to say, in very high profiles, such 
as we have just taken for an example : for in lower profiles 
the saving will be less considerable,’'^ and when the height is so 
much reduced as to be under 20 feet, the common simple reveU 
ment, of the nature described in the preceding chapter, requires so 
small a quantity of masonry, to support the retained earth, that for 
a reason there stated, it may seem rather expedient to augment, 
than to endeavour to diminish it. 

In the example of a counterarched profile, which has just been 
given, the supported earth wsfc not raised higher than the level 
of the top of the revetment, and tlicrefore the total depth of 
masonry was made equal to half the height only, a proportion 


* This principle cannot be elfcctually applied 1o low revetments, for a 
sufficiently obvious reason. If we siip]>oscd, for example, our counter- 
arched profile, represented by tb<* figure a b w i, to be 20 feet high only, 
instead of 100, and that the other parts were reduced in like proportion, 
the thickness of the revetment would be 1 foot, Die height of the piers and 
connterforts would be 3 feet, their width being 7 ]^ inches; the span of 
each counterarch would be 5 feet, and its thickness or depth not quile 5 
iuehes. Such arches and walls would evidently, from the minuteness of 
their parts, be ridiculous, as they could neither have consistency nor 
durability; and yet, unless so constructed, it will be equally evident, that 
a proportional saving of masonry cannot be oltfained , 
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which will suffice for counterscarp revetments, in case this principle 
were applied to them ; but when it is applied to demirevetments^^ 
or partial scarp revetments, it will of course be proper to 
make some addition to the mass of masonry used, and accordingly, 
•j?^ths of the height may be chosen, us a proper dimension for J 
the total depth. 

If therefore, in the following figure, we suppose the principle 
under consideration to be applied to a scarp revetment of thirty 
feet, vrhich is a good height for that of the main inclosure of a 
fortress ; wc may allow .S feet 6 inches for the thickness, b c or 
a d, of the revetment. The arches, g e f h, and m i k n, will be 
each 14 feet long, and may be 1 foot 6 inches thick. The piers, 
d m 11 p, and i g h k, will also be 14 feet long, and may be 10 
feet 6 inches in mean height. This will leave 6 feet for the height 
e c, of the counterfort, 
which may be 3 feet 
long, that is to say in 
P(}ean length, for it may 
be made countersloping, 
in the manner shown by 
the trapezoid e c 1 o. 

The piers and counter- 
forts may be 3 feet 
thick, and placed at cen- 
tral intervals of 1 8 feet 

apart, as in the last ex- 
ample. 

Calculating according to these dimensions, it will be found, 
that the supposed counterarched scarp revetment, 30 feet high, 
represented in our figure, will be equal in quantity of masonry to a 
simple wall of the same height, having a mean thickness of 6 feet 
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inches;* whilst the simple countersloping profile of the same 
height^ recommended by me in the preceding chapter, including 
its counterforts, is equal to a wall having a mean thickness of 10 
feet, if used as a full scarp revetment ; but if used as a partial 
scai^ revetment without a berm, it is equal to a wall having a 
mean thickness of 10 feet 6 inches. ( See Tables A and B, in 
pages 6£8, and 6£9.) Thus by adopting a counterarched scarp 
revetment, in preference to a simple one, there may, in a height 
of SO feet, be a saving of rather more than one third of the total 
quantity of masonry. 

It will be evident, that there might result a still greater economy of 
materials, and yet little or no diminution of stability, in the counter- 
arched profile, by building the counterforts hollow in certain parts, 
and connecting the vacant spaces thus formed by arches, as repre- 
sented by the dotted parts of the figure, in the last section ; but 
unless the piers were of very extraordinary length, as in our first 


^ The rough estimate is as follows. 

Revetment 

Arches 2 (each n 14 x Ij) = - - - - - - - - 

42 

Add one tiftcenth part of the above for the curve zr — 

15 

X.. , , 10{ X 14 ^ 

Piers 2 (each z: ^ — ) 

6x3 

Counterforts zi z: 


105 

42 

=: 2*8 


49 

3 


Total superficial feet 


SOl-8 


Hence the mean thickness of a simple wall without counterforts, equal 
20t'8 

to the above, will be zr —— zr 6'726 feet, or by reducing the decimal, 
to 6 feet inches nearly. 
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example, it would scarcely be worth while to have recourse to this 
expedient. 

Asa further illustration of the nature of a counterarched revet- 
ment, 1 annex a figure, representing the rear elevation, of the 



masonry work only, of one constructed with two tiers of archea, 
which will therefoi e correspond with the transverse section of th# 
masonry of the supposed scarp revetment, shown in our former 
figure* 

1 shall next apply the principle, now under consideration, to 
a counterscarp revetment, which shall be supposed to be 22 feet 
high, and which might also be represented by the last section, (See 
page 649)7 provided that all above the level of the horizontal line, 
b 8, were cut ofl'. In this case, I w'ould allow the thickness (b c, or 
a d) of the revetment to be 2 feet 8 inches ; the depth (f h, or k n) of 
the two arches to be 1 foot 3 inches, and their rise to be 2 feet 3 inches; 
the length of the arches and of the piers (g h, or in n) to be 8 feet 4 
inches ; the mean length of the counterfort to be 3 fdet ; its width 
and that of the piers to be 2 feet 8 inches; and their central inter- 
vals to be 16 feet, which is 6 times their width; and the mean 
height of the piers (i g, or d m) to be 8 feet. 

By using this profile, it will be found, that there will be a saving 
of about three eleventh parts of the quantity of masonry, that 
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be required for my simple profile of a counterscarp revet- 
ment of the same height. * 

Lastly, as an example of the mode of counterarching a lower 
counterscarp revetment, I shall suppose the height to be only 15 
feet# In this case one counterarch may suffice, which may be 1 
foot 3 inches thick, 8 feet in mean height above the base of the 
revetment, and 5 feet 4 inches long ; which will also determine the 
length of the piers. The thickness of the revetment, and that of 
the piers and counterforts to be each 2 feet 8 inches, the span of 
the arches to be 13 feet 4 inches, and their rise 2 feet 3 inches, all 
of which particulars are the same as iu the last example. 

Using these dimensions, it will be found by calculation, that 
the counterarched counterscarp revetment of 15 feet, which has 
been described, will require fully as much masonry, as is neces- 
jBai7 to enable my simple countersloping revetment with cou.n- 


The rough estimate is as follows, 


Revetment 22 x 2*066 rz - -- -- -- - 

58*6666 

Arches 2 (each :z 1’25 x 8*333) zi ----- 

20*8333 

20*8333 

Add one fifteenth part of the above for the curve 

j o 

= 1-3888 

/ . 8 X 8 srs X 

■ Piers 2^caeh — ^ - -- -- - 

22*2222 

... 3*5 X 3 

Counterfort =: — r rz-------- 

6 

1*75 

Total superticiai feet - - - - 

104*75 


Hence the mean thickness of masonry of a simple wall without oounter- 

104*75 

forts, equal to the above, will be = — — zz 4 feet 9 inches nearly : but 

the mean thickness of a wall equal to my countersloping counterscarp 
revetment with its counterforts, of the same height, is zi 6 feet, 5 inches 
{See Table C, page 6»0); so that the former may be built with about three 
eleventh parts less masonry, as stated in the text. 
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ferforts of the same height, to resist the pressure of earth acting 
upon it.* 

Hence it appears, that in low revetments, the saving of tnn- 
soury to be obtained by adopting a counterarched profile^ 
is inconsiderable or null. It is true, that the dimensions of 
the several revetments might have been still further reduced, 
in the above examples,, by giving to the various portions of the 
back of each a counterslope in rear; instead of making the 
whole of uniform thickness from top to bottom; but as I 
must again repeat, the reduction of the mass of waUs, below 
a certain limit, is to be reprobated. Even in those cases, however, 
in which there may not be a diminution of masonry, the counter* 
arched profile may no doubt sometimes be preferable to any of the 
simpler forms, under certain circumstances, the determination of 
which must be left to the judgment of the Engineer employed* 
Like the counterslopiiig profile, it has the great advantage of being 
perpendicular exteriorly ; and as far as regards military works, ex* 
perience has proved, that it is more difficult to efiect a practicable 

..... , 

** The rough estimate of the counterarched revetment is as follows : 


Tlevetmcnt Ifi x S'OOd -------- 40 

Arch z= T25 X 5-333 = 6-6666 

6-666 

Add one fifteenth part of the above for the curve z= — — = 0*4444 

Id 

8 X 5-333 

Picrrz Q ::z - 7.111J 

^ 5-75 X 3 

Counterfort zz jp* = 11*5 

Total superficial feet - - - - 65*6111 


Hence the mean thickness of masonry of a simple wall without counterforts, 
equal to the above, will be = 4 feet 4$ inches nearly, whilst the 

iLO 

mean thickness of a wall equal to my count ersloping counterscarp profile 
and its counterforts, of the same height, is also 4 feet 4^ inches {See Table 
CfPage 630). 
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breach in a counterarched scarp revetment, than in any other.* 
With respect to the w'orkmanship of the arches used in this kind of 
profile, it will not be so expensive, as that of common arches for other 
purposes; because in works built of stone, irregular long stones may 
be selected and used, without the trouble of cutting them by a mould ; 
and in all cases, wooden centering may be dispens^ed with, by carry- 
ing up the rammed earth, in the various chambers beneath each tier 
of arches, Iq llie proper height, before these arches are begun ; and 
giving to it, at lop, a form corresponding to the proposed curves. 
As we know', by experience, that excavated earth njay be compressed 
into a smaller space, than it originally occupied in its natural state 


* Counterarched revetjneuts were recommciKlcd by Castnottr» an Ilaliaii, 
a^d Speckle a German engineer, the latter of whom died in 1589; and were 
adopted about or soon after that period, in tlic coiistrucfion of several 
fortresses. In the siege of Diilembuigh in Germany, in the seven years' 
war, more than usual difficulty was cxpeiieneed in breaching the revcimeiits, 
which were constructed according to this system. In tlie siege of Badajoz, 
in Spain, when attacked by the British in IHlii, the piers and arches of a 
easemated flank proved a great obstacle to the elfeet of the breacliiiig guns, 
that were directed against it. 

The Cotoncra works, in Malta, planned !>} A'alperga, a Piedmontese, 
about the year Id 10, the main iiiclosure of which (uily is finished, have a 
counterarched scarj) revetment, which in some [mils is of extraordinary 
height; one curtain being, to the best ofmy rceullt^dioii, not Jess than 80 feet 
high. Some of the chambers, formed by these countcrarclics, are tilled with 
rubbish: others still remain empty, and have been lifted up as a kind of 
casemates, allliougli cvidentlv, they could not originally liavc been intended 
as such. These works are remarkable for the apparent di.sregard shown to 
the nature of the ground, v\hiclj has been the cause of the great height to 
which some parts of the protilc have been elevated: but a still more striking 
instance of the same negleel is observable, in a project for fortifying Rabato, 
the ei^ital of the island of Gozo, drawn up by the same person, who, 
altliou^ the situation is totally unfit for a fortress, proposed to occupy it 
by an extensive regular polygon, the outline of which would inclose the 
base of a hill on which the town is built, and which if it had been carried 
into effect, would have been plunged into, at the distance of about 150 yards, 
by another higher hill opposite, at the foot of which bis works w^ould lie. 
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ill the ground, there is no likelihood of the earth settling, so as to 
leave vacancies beneath the counterarches of revetments, so con- 
structed, provided, that it is properly rammed during the execution 
of the work ; nor indeed would such settlement, if it actually took 
place, be a matter of any importance, as it could be attended with 
little or no prejudice to the strength of the profile. 

Another mode of increasing the base, and thereby the stability 
of revetments, without augmenting the mass of masoniy to that 
degree, that would be necessary in a simple profile, has also been 
recommended ; which is by building the revetment hollow at certain 
intervals, and afterwards filling these empty spaces with earth or 
rubbish, or any other material, cheaper than masonry. In Ikying, 
down rules for this mode of construction, vertical coiinterarches, 
abutting either against the rear of the front part of the revetment^ 
or against piers or counterforts projecting from it, have usually 
been recommended, so that the cells or cavities, left in the 
masonry, do in some part of them resemble niches or upiight 
segments of a hollow cylinder, as may be understood by the annexed 
figures, which represent a plan or rather a horizontal section of revet- 
ments, so constructed, and in both of w^hich the upper line is sup- 
posed to denote the exterior surface of the wall. 


or, 

As far as regards the general section of such works, it w’ill be 
evident, that it may be either rectangular, leaning, sloping or 
countersloping. In most cases it will be best to connect the whole 
of the masonry into one mass, by forming rather flat inverted 
arches, ^under each cavity, so as to constitute one continued founda- 
tiop^.of solid masonry. If the cells were circular or semicircular 
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in tbeir outline, and Consequently cylindrical or semicylindrical in 
tbeir general form, these arches might be construrted like inverted 
domes, or half domes ; but if the outline of the cavities themselves is 
not regular, the inverted arChes must also necessarily be irregular. 

In addition to the above precaution, the concave revetment, 
now under consideration, may be further strengthened by running 
one or two thin horizontal courses of brick-work or masonry, at 
certain intervals, across the ceils, particularly when the latter are to 
be filled with any loose substance, such as shingle, and it will also 
be expedient to arch them over at top. The aunexed figure repre- 
sents the section of a revetment, so constructed, in which, provided 
that the cells arc filled with any tolerable heavy material, it will be 
evident, from the principles 
before laid down, that the sta- 
bility of the profile, as opposed 
to a pressure in rear, will be 
veiy nearly equal to that, which 
M^ould be obtained, by building the whole mass of solid masonry. 

Having found, on applying this principle to a scarp revetment 
of SO feet in height, that there was not likely to ;csult any very 
great saving of masonry, when compared with my simple counter- 
sloping profile with counterforts, unless the dimensions of the va- 
rious parts of the supposed concave profile had been reduced 
smaller, than appeared to me advisable in practice, I shall not 
attempt to give any detailed examples of it, but shall coiiclude by 
remarking, that 1 do not know of its ever having actually been 
used in military works, nor do I recommend it for such."^ 



• Tlie kind of profile, now under description, was proposed, but without 
any inverted arches, by a French engineer called Charpenticr, m 1742 ; 
and Colonel Mayniel, in his treatise before quoted, suggests, tlii t if the 
cells were left hollow, and connected by doors of communication, they might 
either be useful as a kind of small casemates, or might serve in lieu (>r 
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] have now dis<^ussed almost every form that has either been 
actually j^iveii or recommended to be given to revetments, with 
the exception of one peculiar kind of leaning revetment, that has 
of late been adopted by some of the civil engineers in this country^ 
for the retaining walls of wharfs and wet docks, the back and front 
of which, as shown in section, are not right lines, but circular 
arcs. 


h a rji 



In the annexed figure, which represents a section of the kind of 
profile, now alluded to, the general foim of the revetment and of 
its counterforts, is found by describing thr^e concentric arcs, a d, 
e f, and g h, from a center c, assumed somewhere on the same 
horizontal level with the top of the proposed work. The length 
of the radius, c d, of the smallest arc, has usually been from 2i to 


galleries. But on iii.sperting the plan and section, given by him, as an 
illustration of this idea, ii appears to me, tliat for a scarp revetment, the 
usual disposition, adopted in common casemates, is much preferable ; and 
even for a counterscarp, if for any reason a continued gallery of the usual 
form wore rejected, 1 ^ould, in preference to the scheme alluded to, build 
a range of chamb^, exactly resembling small casemates, and roofed as 
sucli by common aMies, ocepting lliat iu rear 1 would conned the jners, 
not by a wall carried on in one continued right line, biit pf a curved form, 
so as to oppose a vertical connterarch to the pressure of earth. 

The only instance, to my knowledge, of a concave revetment being 
actually Jl^xecated, is one now building in his Majesty's dock}ard, at 
Sheern^s, under the direction of Mr. Keunie, which shall be described iu 
a Ipiudire note. 

VOL. II, 


V V 
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9 times the total perpendicular height^ a b. Tlie thickness of 
masonry, of the i*evetment d f, has generally been made in some 
ratio, between one fourth and one fifth of the said height ; and the 
laigtih and width of the counterforts have generally been equal to 
jibout one ninth part of the same, their central intervals being 18 feet. 
The summit of the revetment has usually been crowned by a course 
of large coping stones, as shown in the figure, below which the 
general level, n p q, of the top of the masonry, has been made 
nearly horizontal. At bottom, the base of the revetment and 
counterfort have sometimes been laid out in one continued inclined 
plane, coinciding uearly with the radius produced, a g, but more 
usually with a somewhat smaller degree of obliquity, that is to say 
in an inclined plane approaching more nearly to a horizontal level. 
Sometimes the base of the revetment and that of the counterfort 
have been laid out, not in one continued plane, but in such a 
manner as to form two different inclined planes, nearly parallel to 
each other, both deeper in rear than in front, and of the same 
depth in rear, as represented by the lines, a o, and r s, in oiir figure. 
Sometimes again theYront part of the base of the masonry only 
has been laid out according to an inclined plane, such as, a o, whilst 
the remainder of it, from some given point, such as, o, backwards, 
has been laid out horizontally : but in no case, has the base of 
the masonry ever been made horizontal throughout. 

The wharf walls of the West-Incfia Docks, which I believe 
were the first specimen of this kind of profile, are constructed 
nearly in die manner represented by the above figure. Their 
dimensions are as follows. The radius, c d, of the smallest arc, 
a d, is 72 feet : the perpendicular height, a b, ip29 feet, including 
a foundation of about 2 feet deep : the base, b d, of the slope, 
formed by the exterior curve, is *6 feet; the thickness of masomy, 
n p, of the revetment is 6 feet; and the counterforts, r p,q s, are 3 
feet square, and placed at central intervals of 18 feet apa#**. The 
general foundatiou is broken into two inclined planes, a o, aSid r s. 
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In this retaining’ walls of the Liinehousc entrance baaooi the 
height^ the radius of curvature of thfe exterior surface, and all other 
particulars, are the same as above, with the exception of the diiek« 
ness of the*revetment, which is only 4 feet 6 inches ; and this last 
is probably one of the thinnest profiles in proportion to its height, 
that has hitherto been executed. In both of these examples, the 
revetment and counterforts were built of brick, the coping only 
being of stone** 


• The above works were planned by Mr. William Je&sop. I Iiave since 
seen a section of a wharl-wall of a similar description, and also 29 feet high, 
proposed, and about to be executed, by Mr. Rennie, which may be nntfeib- 
stood by a reference to the same figure, and of which the dimensions ttte 
as follows : the radius, c d, of the exterior curve is 87 feel, and conscqnonlly 
the base, b d, of the slo[»c thereby forpicd, is equal to 5 feet nearly. The 
arcs are concentric, as in the former example, the thickness of the revet* 
ment, n p, which is to be faced with very large stones, backed with brick, 
being 6 feet 6 inches : the counterforts are to be 3 feet 9 inches square, and 
placed at central intervals of 18 feet; and are to be built of brick, except- 
ing in two places, where they are to be connected to the revetment by 
binding courses of stone running through the whole body of the work, Slid 
placed at equal intervals apart. I'lie foundations both of the revetment 
and counterforts arc in the same plane, which appeared to coincide nearly 
with the produced radius, a g. 

It is to be obscrAcd, that, altbongli conccutric arcs sefem to be the favou- 
rite S3'stcm, they have not alwa}^ been adopted. For c?.anjple, in the en- 
trance bason of the Enst-Iiidia Docks, the revetment, which is 22 feet high, 
and the exterior curve of which is so proportioned, tliSt the base of tli^ 
slope thereby formed, is no loss than 10 feet, is 0 feet 6 inches thick at 
top and 7 feet 6 inches thick at bottom, the back of the wall being also 
curved, but described from a dilTerent center, as well ak by a greater radius. 
In this work, which^as planned by Mr. Walker, the revetment is built of 
large stones, and the coiinfcrfnrls of bricks. The latter aic 2 feet 3 inches 
wide, and placed at central inten'als of about 18 feel apart, and are nearly 
perpendicular in rear, so that their length varies from 1 foot 6 inches at tdj), 
to 7 feet 6 inches at bottom. Their foundation is laid out ncaHy horisfOtjtft], 
and is of iie same depth as the back of the base of the revetment, tlid latter 
being^^inclined plane, deeper in rear than in front, according to the usual 
emfrom. 


u u S 
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Upon the curved leanmng revetment, which has been 
described, 1 shall remark, that its peculiar construction adds 
greatly to the trouble, and in some degree to the expense, of the 
workmanship, and therefore appears to me objectionable ; the 
. more especially, as I do not see that the least advantage can be 
derived from the curve, in opposition to a pressure of earth in 
rear; for, although built in the archlike form, the wall cannot 
possibly have any strength as an arch, nor can it even, with pro* 
pricty, be considered as such, since it has only one ahiitmcntl 
Whenever a leaning profile may appear advisable, I should lliere- 
fore certainly recommend using a sini|)le riglit-lined section in 
preference to a curved one, unless the wharf or other Mall about to 
.be formed should happen to be exposed to the beat of the sea, in 
which case a curve may per haps be considered more advantageous, 
2 is being less liable to be injured by the shock of the waves.'*' 

1 have already sufficiently stated my opinion, in the preceding 
chapter, that, of all simple profiles that can be adopted, the 
countersloping is the best for military purposes ; h but altljoiigii re- 


• Mr. Smeaton, in constructing llio lidyalonc Liglit-house, which is a 
round tower, the masonry of which alone exceeds 60 feet in height, and 
of wliicb the diameter, every where iiiconslderahle in pro}>orfion to tho 
above, is much greater at the base, than in other parts, bus laid out titc 
exterior of the work, as it Hppeur> in seetioii, not in one continued light 
line, but with a curve, tjChei eoneave t<»wards the bottom, which form, 
he conceived, would be the best adapted for resisting fiie break of the sea. 

Mr. Telford, in a sta-nalh built by bis direction, at Aidrossaii, in Ayr- 
ahlre, in a situation exposed to the liish Sea, has a<loptcd a cukvlu slop- 
ing PROFILE, dial is to say, one curved exteriorly, but pcrpeiidicntar iti 
rear, to which he has added er>iiDterslo]>ing counterforts. The base of the 
revetment is laid out according to an inclined plane ; that of the counterforts 
is horizontal. 

t The general tenour of our experiments with shingle seemito prove, 
that, in thin profiles for retaining loose soil, the countersloping i^iertainly 
the weakest. If, therefore, the durability of walls, built with i%;:t^or 
slopes, could be depended upon, 1 should not have heritated to recommend, 
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commended by some recent writers^ I am not aware that it has 
ever yet been used in works of any magnitude^* This opinioni in 


for military works, a leaning profile with counterforts, in preference to 
all others.. If useil as a partial searp revetment or dcinirevetment, a lean* 
ing profile having a thickness equal to one fourth of its height, would, 
1 conceive, be strong enoiigii in all cases; whilst, if used as a counterscarp 
revetment, a thickness of one fifth of the height, only, vroiild sufiice; which 
profiles might of course be built at less expense of masonry, than the coon* 
tei'sloping profiler, uetiially reeoniinended. for military works, in Rules 
VI, Vll, and \ Jli, and more fully detailed in Tables A, B, and C; and 
which, upon the wliotc, all (urcumstances considered, appear to me to bo 
the best, i he eoiintcrr»rts, in both profiles, might be equal. 

* M. (ia\ du Vcrnoii, n f'Vrnoli ciigiucer, employed as professor of fbrti- 
ficalioii, at the Scliool at P/.* is, in a work, published in 1005, 

entitled, “'IVaite iCIementaiie d’Arl Miiitaire cl de Fortification,” is the 
first writer, to III \ knowledge, who has recommended the couiiterslopiog 
profile ; but in so doing, he begins by remarking, that it had been already 
proposed by several engitieer.s, whoso naiiies he does not specify. Ho 
allows, to his scarp and counterscarp revetments, an cvtcrior slope of ono 
twentieth of the height, and a counterslope in steps, equal to one eighth of 
the height, so that the U4lditi<iiial thickness, gained towards the bottom by 
this ( oiistruction, is rather more than one sixth of the height. He varies 
tin* thii kiicss at top id' his scarp revetment, at different heights, and in tho 
suitie proportion nearly that was recommended by Belidor, and he allows 
rectangular eoiiiiterfiu ts to it, at fixed central intervals, of about 16 feet 
4 inches; but he inakcs his counterscarp revetments, of uniform thicknosa 
at top (about 3 feet, jn^- inches) and without counterforts, which i conceive 
to ho a very faulty const niotioin 

'i"he first instance of a cmintersloping revetment, actually executed, that 
has come to niy know'lcdgi\ is the giinwtiarf wall at Portsmouth, building in 
] r09 and UlOi), which, besides a certain exterior slope, has steps in rear 
equivalent to a coiintcrslopc, but 1 do not recollect any of the details. 

The sea-wall, building at Lt\erpool in IBOd, is a second and more 
complete example <d’ this kind of profile. It was 30 feet iiigh, 7 feet 6 
inches thick at top, and 15 feet Uiiek at b<»rtoin, with an exterior slope of 
one twelfth, and a regular eoiintersiopc (without steps) of one sixth of the 
heighf. It had eouiiterforfs, 15 feet wide, plai ed at central intervals of 
3(3 feet dfpart. These counterforts were feet high, and 15 feet long at 
the ba/lc, which length is coritiuned lo llic Imigiit of 15 feet upwards : from 
it is reduced by three Kuecessive oUsets, nearly equal in widtii, and 
at intervals of 4 feet in height, to 4 feet 0 inches, which is the length at 
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favour of the countersloping profile^ is the result of conviction^ 
afising from the experiments made willi a view to investigate the 
subject ; for^ until these were tried, 1 must confess that I doubted, 
whether it would have sufficient strength to render it an eligible 
profile for practical purposes, notwithstanding the great advantage 
of its exterior perpendicularity. At that time, there appeared to 
me good grounds for believing, that a leaning revetment would be 
found to be the strongest. And, indeed, but for the serious dis-* 
advantage attending its exterior slope, this last-mentioned profile- 
would be exceedingly well adapted for works of fortification, 
because, from its having an uniform thickness tliroughout, it is 
more substantial at top, tlian either the sloping or countersloping 
revetment, and consequently has a greater power of resisting an 
enemy batteries,* for in breaching the revetments of a fortress by 
omnoD, there is no necessity, whatever, for firing at the lower part 
of the wall; because, when the upper half of a revetment is bat^ 
tered, the stones, or bricks and rubbish, knocked oft* by the balls, 
fall down at a considerable slope, and bury the remainder of the 
wall entirely, forming a practicable ascent throughout. It is, 
therefore, not surprising, that the leaning revetment has been 
recommended by many writers, t but I know only one instance of 


top. Thus, not only tfac revetment, but also Uic count erforts, are counter- 
sloping, the latter, towards the top, in a more than usual proportion, for 
the steps there are equivalent to a counterslope, whose base is seven eighths 
of its height. Large masses of freestone were used iu the constniction 
of Uiis wall, which was built by tide work. 

^ It may here he remarked, that, it would be very ill-judged, if, with 
a view to resist cannon shot more effectually, an)f engineer, in planning 
a fortress, were to increase the general thickness of niasoniy, beyond that 
due proportion, which is sufficient for resisting the pressure oi earth, and 
insuring the durability of the work. For, in a w^arinly contested siege, it 
isnot tube expccicd, that above 100 running yards of revetment should 
be battered, whereas ibc ontlinc of the reveted works of a largcl fortress, 
may be several miles in extent. 

t Speckle, a (lerman writer before mentioned, recommended leahiag 
tvhretments of uniform thickness throughout. There is reason to believe. 




PECULIAR LEANING REVETMENT* 683 

its having been used in a profile of respectable height : I allude to 
the fortified town of Sedan in France^* a bastion of whicb^ on 
being pulled down in 1805| was found to have been reveted in the 
following manner : 

The walls had a perpendicular height of 52 feet> and parallel 
slopes of one*fifth of their height, both in front and rear^ but 
instead of being made of uniform thickness, according to die usual 
custom, every portion of the back of the revetment, between two 
adjoining counterforts, was laid out in the form of a semicircle^ 
so that these parts were built like concave semicylinders, the kast 
thickness being 5 feet 4 inches, which was equal to one sixt|i palt 
of the height, and the greatest thickness being 10 feet, 11 incites. 


that CoeJiorn used leaning revcimenls, whose exterior slope was rather 
greater than their overhanging slope, so that they were somewhat thicker 
at bottom than at top. Charles Bisset, a British engiiieer, who served 
with tlic rank of lieutenant, in the famous defence of Bergen-op-Zoom in 
1747, and who appears to have closely studied the works of Coebom, in 
his Treatise on Fortification, published a few years aflerw'ards, recommends 
leaning scarp revetments, 4 feet thick at top, and having an exterior slope of 
one third, but an overhanging slope of tw'o fitlcenths of the height only, so 
that the masonry gains in thickness towards the bottom, in the proportion of 
one fifth of the height. His counterscarp revetments he makes only 3 
feet thick at top, but similar to the above in oilier respects ; and in both, 
instead of counterforts he proposes to use horizontal courses of flat stones, 
projecting about 3 feet from the back of the revetment, thicker sortie 
inches in rear tlian in front, so as to tbim a dovetail, tiieir least thickness 
being about 3 inches, and perforated by two or three holes, for picketing 
them into the mass of supported earth by oak stakes. He proposes tliat 
these binding stones, as be calls them, should be engageif about 1 foot in 
the masonry of the revetment, and lliat there should be one borisontal 
course of them in ever> 8 or lU feet of height. 

If leaning revclmejits w'erc to be used in military works, it may be., 
remarked, that one of uniform thickness, with common counterforts, and 
w ith a st^iallcr exterior slope, vrould be preferable to tlie above. 

♦ Tl‘.c works of which are supposed to liave been constructed by Fasinp, 
mlfaliau engineer, who pwblisUed a book on fortification in 15T9. 
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Behind these semicircular portions ^*ere counterforts, 3 'feet 
inches wide, and placed at central intervals of 14 feet 5 inches 
apart: they were vertical in rear, being 4 feet long at top, and 
10 feet 5 inches long at bottom ; so that their mean length was 
equal to 7 feet 2^ inches; and consequently, on taking a con- 
tinued section right through the revetment and one of the counter- 
forts, the mean thickness or depth of masoni^, measured from 
front to rear, was 18 feet inch, which was in the proportion of 
rather more than x’s ths of the height.**^ The annexed figures, in " 
which the corresponding parts are distinguished by the same 
letters, represent a section, and a foundation plan, of the revet- 
ment, wliich has just been described. 




il In I 
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But although the above singular profile is the only right-lined 
leaning revetment of any magnitude, of which I can find an 
account, t profiles of this description, on a small sciile, have been 


♦ I Lave taken the above diniension«( from Cf»lnr,<'l Ma^nirls work, but 
eorr^Gting, by help of one of his plates, an error, which appears to have 
crept into his text, regarding the length of the counterforts. 

f 'It is true, that, towards the right of Chatham Hues, both the scarp and 
counterscarp are faced with leaning brick revetments, about 3 feet thick , 
and having slopes of rather mure than ouc third, without counterfoits. 
But although the height of the scarp revetment, alluded to. is not less than 
S4 feet, it is to be observed, that, ou both sides of the ditch, the walls arc 
built against chalk roek, which has no tendency to fall ; and, thorefoi c, tJiis 
example does notafl'ord any rule for re^rtineiits, intended (u support com* 
Bion eartli; particularly, as in all those parts where the chalk proved 
nnsoand, a greater thickness of masonry w'<*is added. ^ ^ 
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in constant use. tor example, in Fort Cumberland, near, Ports- 
mouth, all the interior slopes of the parapets, as also tlic cheeks 
of the embrasures, and the extremities of the various portions of the 
banquette, arc reveted by leaning brick walls 14 inches thick, with 
slopes of |th.’* The interior slo|>es of the parapets of the covered 
way, and of the traverses, in permanent works, are also frequently 
reveled in a similar manner. 

The use of brickwork for the smaller revetments of fortified 
places, si!ch as have been described, is very common, and as fiir . 
as economy is concerned, it is certainly preferable to sodwoik, 
which has also IVcqucollv been used for the same purpose; as the 
latter Is ( xccedin;;!} tioublesome in execution, and requires con- 
tinual r(‘j)uirs. Having Introduced this subject, I shall remark, 
that of iiiaiiy forms which have been proposed, rectangular sods, 
about 8 inches wide, niid 1() inches long, to be built headers and 
strelciici s, like common bricks, are the best : and that sod revet- 
ments, when such are used, ought not to have a less slope than one 
third ol the height ; for if built steeper than the above proportion, 
the w oik will soon decay, even if the revetment were capable of 
standing, which is not likely. t 


* The parapoi.s oflliis work, which are formed of earth, have also an 
exterior hrick rootaiciit, 4 feot high, 2 feet 9 inches thick at top, and S 
feet tliick at bottom. 

In tlic interior revetments of the para[>€t, desirribed in the text, the 
fon)idati«>n is a))oiit 1 foot deeper ihari the base of the bananette, the tota) 
height of hrit'kwork being 8 feet 6 inches; so that in those parts, where 
there arc no eiidM asures, tiearly one half of it is buried. The foundation 
is 1 foot 8 inches thick: the ihickiiess of the remainder of the wall being 
reduced by offsets to 14 inches, at the height of about 1 foot 3 inches from 
the bottom. 

'f/' 

t These remarks aio made from experience, having myself, unsnecciis- 
fully, tried steeper slopes, and other forms, such as triangular sods, traposeoids, 
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As small Inick revetments^ although much more durable than 
sodwork, are not convenient, when works are actually attacked, a 
better mode than either, in large fortresses, at least in those parts 
where there are no embrasures, will be to form the interior ^slopes 
of die parapets with a base equal to the height, by which means 
Ibey wall be able to preserve their form permanently, although 
unreveted. In this case, the perpendicular height of the parapet 
must be S feet 10 inches, or 4 feet only, and the width of the 
banquette not more than 2 feet. And the same profile may be 
for the salient places of arms, and branches, if not for the 
wbofe of the covered way.’*' The section of the parapet of a 


&c« which have oAeii been recoinmendod wllli an idea of ec4)noniizing that 
material. 

In building >vilb sods, the grass is laid iiiiderinosl, and wooden pins arc 
generally used to bind the work togcliicr. Each course is usually 
about aj inches high, so that 24 sods will build 10 running fbet in length, 
and 1 foot in height, of sodiiork; by wbich proportion, the number of 
•ods necessary for reveting any part of a work may easily be calculated. 
If the grass is good, 100 superficial feet of ground ought to furnish 113{ 
aods of the dimensarms stated in tlie text, but in this last calculation, 1 
have made no allowance for waste, so that 1 sod per superficial foot of 
ground, would probably be a proper estimate. tk>ds cannot be cut by the 
common spade, without great waste both of time and materials. Two sod 
spades, both of a pointed form, arc nccessarv iur ibis purpose, a small one 
to be worked vertically by the foot ; and a large one to be pushed horizon- 
tatty forwards, by the hands and thighs. 

To build sod revetments, properly, is one of the most tedious operations, 
in which men can be employed. Stone or brick walls may be constructed 
with much greater celerity, and with much less expense of worknianshiju 
Indeed I have tbuud by experience, that three or four batteries for heavy 
giifls^ might he commenced and finished with fascines or sand-bags, in a 
much smaller space of time, than proved necessary, merely fur reveting 
with sods one single battery of the same description, after all the laborious 
parts of the work had previously been completed. 

* This amibge Ant, to which 1 do not see any serious objection, parii- 
eqlarly if the covered way is palisaded, would, if adopted, lead to the use 
traverses, in heu of the present more common form. 
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ctirtaiii^ or other work of a fortress), so regulated, k exemptified 
by the annexed sketch, in which die dotted hues show the steeper 
interior slope, and broader banquette more commonly used. 



It will be evident, by inspecting thk %ure, that the profilcj^ now 
suggested, which is much clieaper than any other mode of 
construction, will be sufficiently convenient for the use of ««wl 
quetry ; * for if an enemy attempted a sudden assault, the 


* The same profile will lie equally suitable for the parapets of field 
works, iutended to be defended by^ musquetry, if materials for revetkig 
them are nol to be had, or scarce. 

With a similar view of economy, some French authors have recoin* 
mended, for the interior of the parapet of a fortified place, a very differeiit 
profile, from \iliat I have suggested in the text ; for they propose to lay out 
the aliove part of the work, without any bauquette, in one continued 
slope, \\ hose base shall be a little greater than tlie height, as represented 
by the line, a b, in ihe following figure; alleging, that the banquette may 


h 



soon be formed, in case the fortress should be attacktMl, by scaiping away 
the upper part, d e b, of tlic above slope, and applying the rfiaterials, thence 
obtained, to the bottom of the same, in the form, cad. (See Boumeard^i 
EsMi Gt’iwral de Fortificationy and St, Pani*i Traiti Ctmiplet^ &c.) 

A very little refieetion may sen e to convince tbe reader of the glaruig 
defects of the system, now under coiisideration ; for, if a place, whosa 
parapets were so eoiistnieted, were suddenly attack^by^^ssault, it is 
evident, that it w^wld be quite impossible for the gari^n m annoy the 
enemy by a fire of musquetry, unless they climbed upon tbe top of their 
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quettes are in such a serviceable state, as ^vill enable the defen- 
der's troops to act to advantage : if, on the contrary, he should lay 
regular siege to the place, which is a work of time, the profile of 


, own parapets, and fortned tlicrc ; in which case they would themselves be 
more exposed than the tiring' parlies of the assailants. 

An idea has been suggested by Capt W. Reid, of the Royal Engineers, 
that in certain peculiar cases, the interior of a parapet may be formed 
without any banquette, not in tbe mode, which has just been commented 
Upon, in which the slope is too steep for the movements of troops, but at 
mpbueb greater slope, such as f b, having a base of about three times its 
^weight, so as to be j^racticablc for men throughout its whole extent. If 
this plan were carried '"into effect, it will bo c\ideiit, that a soldier, after 
advancing to a certain height up the slope, ill come to some point, h, 
where lie will be able to fire over the parapet, and yet derive considerable 
cover from it, against uii external enemy ; and in an assault, a body of tbe 
beiiiegc<l may move forward in good order, and chaige the head of an 
escaladiog party. 

Captain Reid parlieiilarly recommends this profile for the salient places 
of arms, and the adjoining branches of the covered \iay of a regular 
fortress, M Licit imrts nf the cohered mu), he conceives, ought not to be 
constantly occupied aud manned, as a defcnsiic post for tro(q>s during the 
course of a siege ; and, oonseipicully, that they should neither be palisaded 
DOT traversed, according to the cornnum system. If so constructed, tlie 
aboTe>iijeiitioiied portions of the co\crcd M ay would scr^e for as>einbling 
Die troops, destined for a mm tie, who luighl march oat from thence in large 
bodies, both of cavalry and iiii'untry, regulari} fia ined for the attach, in- 
stead of debouching by sniull sections fnjin the connrion sally ports: 
and, after the afiair was over, thev vumiIJ also have a greater lacility of 
retiring in good order, supported by icscrvcs, posted in the le-titilcring 
places of arms, which arc the only parts of the covered wn> supposed to 
be pilisaded and retrenched. In a co\eicd way, constructed according 
to Capt Reid's syaicni, if wo siippcise the beighi of the crest of the glacis 
above tbe general level to be 7 feet C inches, and the total width, 
measuring from that point to ilieliiiukof the counterscarp, to be dl feet 
6 inches, the base of the reverse slope of the glacis ought to be about 22 
feet 6 inches, whicji is in the proportion of three (itiics the height; for 
experience has s|iyn, that men cannot conveniently act on a much steeper 
•lope, if tbell^igiPaxceods 3 feet, ileiicc Uiere would remain, towards 
the rear of the cuveied way, a level space of 9 feet only; but as tbs 
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any part of the fronts attacked may very easily be altered, if it 
should be judged necessary, to the more common form represented 
by the dotted lines. 


CHAP. XXVIL 

THE SAME SUBJECT CONTINUED — OF THE MODES OF 
SECUIUNG UNFAVOURABLE FOUNDATIONS, BY MEANS 
OF PILES, &c. —COFFERDAMS AND CAISSONS EXPLAINED. 
— REMARKS ON THE THEORY CW ARCHES. 

Having, t.i the three preceding Chapters, fully discussed the 
general principles, according to which the form and dimensions of 
revetments ought to be regulated ; it now only remains to explain 
tlie mode of securing their foundations in unfavourable soil. In 
treating this part of my subject,! shall not enter very minutely into 
details, as the consideration of these belongs rather to Practical 
than to Elementary Fortification. 



slope ill front of it would aliso be perfectly practicnble for every iiiovcmciit 
of troops, the narrowness of this space is not an objection. 

As appiii^d to tlie advanced portions of a covered wiij, (ho suggestion, 
which has just been stated, appears worthy of attention. M itii respect to 
Ibe parapets of defensive works, wc found, on trial, that (here is a \ery 
serious disadvantage, in so great an interior slope ; namely, that the eom- 
nion means of securing men, posted in rear of a parapet, by sand-bags, 
crennel baskets, &.c. forming loopholes for them to fire through, whilst they 
rest their pieces on the superior slope, cannot be used to advantage, in 
this new profile, unless the defenders were either to kneel in an incon- 
venient attitude, or to lie down, which would be still mdt-e auk ward. If, 
in any caNe, it sliould be judged essential to have a practicable ascent to ~ 
(he top of a parapet, 1 should therefore recommend, in ]>refereijcc, dividing 
the height of the interior slope, as measured above the level of a common 
banquette, into three equal parts, and at each of the (wo intermediate 
points of division, to form a step of 1 foot in w idth, r<|»rof each step 
should be reveted with a couple of courses of fasejnes, % as% stand nearly 
perpendicularly : otherwise, even this method would remove tiiO baoquetto 
too far from the interior crest of the parapet. 
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The unfavourable soil, alluded to, is that, uhich is of a soft 
nature, so that, when loaded with any massy body, such as a revet- 
ment or substantial building, unless due precautions, which shall 
be described, are previously taken, it must necessarily give way 
under the weight ; and as such soil is seldom of an uniform nature, 
it will yield in some places more than in others, so that the Malls, 
being unequally supported, will crack in various parts, and certain 
portions, being separated iroin the remainder of tlie masonry, will 
slide forwards or fall ; or if neither of these effects takes place, 
jlSi the work will remain in a ruinous and unserviceable state. 

The best expedient for securing foundations, in j»uch soil as 
has been described, is to drive down strong pointed piles of timber, 
hooped at top, and shod at bottom with iron, at regular central 
intervals of from 3 to 4 feet apart, within tlie whole extent of the 
space, that is proposed to be built upon. After these piles will go no 
deeper, whether from meeting a stratum of more tenacious soil, or 
otherwise, * their heads are sawed off at any height judged most con- 
venient, and are connected by transverse beams or sleepers, of proper 
strength, of which there is sometimes a double row, forming a kind 
of grating ; over these arc laid strong planks, seldom less than 4 inches 
thick; and upon this planking or wooden platform, is built the 
foundation of the required wall or revetment. The piles may either 


* Before the foundation of any great work is rummenced, tbo nature ol 
the soil beneath must always be examined with great rare, which is done 
by probing with an earth borer, or large an<vte, made for the purpose, 
Inving its ^ank composed of a great number of joints of moderate length, 
ecrewii^^lilo each other, by means of which llic operation may be con- 
tinued to any depth judged necessary. This instrument, being occasion- 
ally polled out of the ground, by a gin and tackle, or other convenient 
machine, always brings op, in the hollow part of the augre, a specimen of 
the lowest stratum of soil pierced by it. 'fbe persons employed, in thus 
scmnding fbr affouidation, ougiit not to stop, on finding a liard stratum, 
^ Mb as gravel, &c. but should ascertain by boring deeper, whether the 
fldciteosi ofit is sufficient to insure the safety of the proposed work. 
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be driven into the ground vertically, or with a certain degree of 
obliquity. The operation is performed by means of an ei^ie 
named a pile driver, in which a great weight, called th£ 
MONKEY, or sometimes the ram, is raised to a considerable 
height, and then suddenly dropped upon the head of the pile, 
which process is repeated, as long as it continues to produce any 
effect. Thus the foundations of revetments, or other walls, so 
secured, are in reality supported by the piles, not by the surface 
of the mud or soft soil, with which the plaukiug beneatli them is 
in immediate contact. And as the force of percussion, by which the, 
piles are originally driven, is much greater than the mere pressure of 
deadweight, it follows, that if the piles are of proper strength, gfter 
each of them shall have been driven as far as it will go by'tte 
former foice, by means of a pile-engine of sufficient power, there is 
no possible weight of masonry, which can afterwards be brought to 
press upon them, that will be capable of sinking them deeper.^ 
Hence a revetment may derive as much security in soft soil, from 8 
properly piled foundation, as if it had been built upon solid rock. 

When piles are used in foundations, the total number necessary, 
together with their thickness or strength, ought, of* course, to bear 
a certain proportion to the weight of masonry, eventually to be 


* IVfr. Perronet, a civil Engineer, who executed some of the finest 
bridges in France, in liis Descrijilion des Proj^ts ct de la ConstmetioQ 
dcs Pouts,” &c. asserts, that the shock of a monkey of GOO lbs. weight falling 
4 French feet, is equal to the pressure of a weight of 773,000 lbs. French : 
but he grounds this opinion solely, upon an experiment, tried by another 
Frenchman, who is said to have ascertained, that a body weighing only 
lbs., if dropped through a height of 7 inches, will produce an effect equal 
to that of a dead weight of 400 lbs. 1 conceive, that it would be desirable 
and useful to have some experiments for investigating this subject, tried 
on a larger scale ; for in the above, both the weight of the body dropfMsd, 
and the height of its fall, appear to me too insignificant to aAord aatii- 
factory grounds for calculating the effect of such great weight!, i* iih 
commonly used in pile driving. 
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supported by each, which may easily be calculated. * The strength, 
proper for each pile, must also, in some degree, ui pend upon the 
nature of the soil, for it must be evident, that when that has not 


♦ For example, if the scarp revefments of lljc inclosurc of » fortilinJ 
place are founded upon piles, placed at intervals of 3 feet apart, there 
\rili be one pile to ever^' siipeiftcial vard of foundation ; and consc(|tienth , 
if the height is supposed to be 30 feet or 10 yards» eacdi pile will Iia\e to 
support 10 cubic yards of masonry ; to some of wliidi may be atlded wIiMut 
3 cubic yards of carlli, if the profile is partially reveled, w ithout a berm. 
Now, ifwc suppose the revetment lobe built of stone, weighing ICO lbs. 
per cubic foot; andtbat the earth abov e it weighs 100 lbs. per cubic foul; the 
weiglit pressing upon one pile will be 43,SI00lbs. of masonry, and 8,100 lbs. 
ofeartli: total, 51,300 lbs. 

Ifl the foundation of bridges, the piles under each pier arc more loaded 
than those of a common revetment, for they have not only to support the 
weight of masonry, resting Ycrtically over them, but also that of (»uc com- 
plete arch. For example, in the bridge of Neuilly, near Paris, constructed 
by Mr. Perronet, the arches of which arc 128 feel span (English measure) 
Ihe weight of masonry resting upon the fotuidatioii of each pier is equal to 
about 15,417,648 English pounds, which being supported by 135 piles, the 
weiglit pressing upon each pile is coiiscqiieutly equal to about 114,204 lbs. 
These piles were of oak, and about 12^ inches mean diameter, and cut ufi'to 
the average length of about 13 feet, after being driven home. 

Mr. Perronet is of opinion, that round oak piles, such as have generally 
been used iu France, if of 8 or 9 inches mean diameter on!} , should mt 
be loaded with moro than 50,000 lbs.; but that piles of 12 inches mean 
diameter may be loaded with 100,000 lbs. each ; and that generally speak- 
ing the weight to he supported should be in pro}vuriion to the squai^ of the 
diameter of the pile nearly. 

It will be obvious, that the monkies used driving fi undation piles, if 
dropped ^om an eqnal height, should be in diiru t proportion to the weight 
of masoniy evonliially to be supported. Monkies of various wciglits, from 
1000 to 2000 lbs. have commonly been used fur this piiqmsc. Those ge- 
nerally employed at the bridge of Neuilly were of dilfereut weights, from 
about 1160 tp 1530 English lbs. ; and were worked by juiNics of fr(»n] 36 
to 47 men, pulling together, by means of small ropes attached lo a great 
or principal rope, who did not raise their respective monkies more than 
about 4 ieet 6 inches at the utmost, previously to each blow. Hence ou 
a reference to the other particulars, before stated, the execution of the 
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sufficient consistency to prevent the upper part of the piles which 
are driven into it, from bending or moving laterally, when acteil 
upon by a certain force, they might, if their thickness was incon- 
siderable, be liable to be bent or broken, somewhere towards the top, 
by the superincumbent mass of masonry, notwithstanding that they 
might remain perfectly well secured at bottom.* Hence the piles 


bridtrc of Netiilly may be considered as a practical experiment* on a g^at 
scale, proving that the shock of a body of about 1200 lbs. falling through a 
space of very little more than 4 feet, is superior to the action of a dead 
weight of rather more than 114,000 lbs. 

In driving \n\e» of from 48 to 53 feet long, and from 21 to 25| inches 
thick at the top, such as formed a part of the piers of a large wooUen 
bridge at Saiimur, we are informed by the same author, that it was jndgftd 
necessary to use monkies weighing about 4320 English pounds. This was 
owing chiefly to the extraordinary thickness of the piles. 

Pile engines worked by a great number of men, by force of hand alone, 
arc called, by workmen, rtnoino pile engines, to distinguish them from the 
eoniraoii pile engine more goncrally used in this country, in which the 
monkey is i-aised to the height of from 25 to 30 feet, by the labour of four 
men, aided by macliincry. In the former kind of pile driver, which has 
almost always been used in France, 1 am not aware that the monkey has 
ever been raised more than about 4 feet or 4^ feet at tlie utmost, according 
to the system before mentioned, which practice must of course be very 
prejudicial to the effect of the engine ; and a perseverance in it can tbere^ 
fore only be ascribed to the power of old habits ; for it must be evident, 
that by a different arrangement of men hauling, the weight might be raised 
by them to any given height, whether aided by a mechanical power or not. 

Thu apparatus fltr working the pile engines, commonly used in England, 
is very compact and simple. It consists of an iron wheel and axis of 
moderate size, worked by a small iron pinion, to w hich, motion is commu- 
nicated by a couple of w inches. The fall, or low'er end of the cliain, by which 
the nitmkcy is raised, is attached to aud winds round the axis <»f the wheel. 

One of the piers of a bridge at Tours, supported by t>5 oak piles, 
8 feet long, and about 9} inches mean diameter, suddenly gave way in 
1777. The w'ci^t of masonry pressing upon each pile, at the period of the 
accident, is calculated, by Mr. Perroiiel, to have been equal to about 
133,212 English lbs. ; which, according to liis opinion, stated in the pre- 
ceding note, was more than double of what ought to have been applied 
to piles of that scantling. They were firmly fixed at bottom^ in very 
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U$ed for supporting a revetment, in very soft soil, ought to be 
thicker than others of equal length, intended to support ^ similar 
revetment founded upon soil, whose upper surface has a greater 
degree of tenacity. 

As a further precaution for securing piled foundations, it is also 
usual to clear out about 18 inches of the mud or soft soil, and to 
fill up the vacant spaces, thus formed between the heads of the se- 
veral piles, with rough brickwork or rubble masonry, which is car- 
ried up to the same iieigbt as the top of the sleepers or grating, so 
as to correspond with the level proposed for the bottom of the 
planking. 

But to enlarge upon the proper dimensions and use of founda- 
tion piles would lead us too far into detail. 1 shall therefore only 
remark, that in revetments, such as are applicable to military 
purposes, it can never be necessary to use piles more than 1 foot 
in mean thickness, or to place them nearer to each other than at 
central intervals of 3 feet ; for experience has proved, that piles, so 
regulated, if driven by engines of sufficient powder, are capable of 
securing the foundations of much greater masses of masonry, tlian 
are ever used in works of fortification. 

ft is moreover to be remarked, that there have been many instances 
of revetments sliding forwards, in consequence of the pressure of 
eartli iu rear of them, when built upon very bad foundations.* 


tenacious soil; Imt llic rcir.iuuiijy, of Ihem, towards tlio top, derived 
little or no aid IVinn llir ^an'tinuding which w as of a soft quality. 

It is obvious that ^dlcfc in tFiis predicament, sui>pf»rtcd at bottom only, 
may be compared to wo/.den pillars, in architecture, the thickness of which 
imust always be increased in proportion to their height, aUhough there 
may be no diHefbnce in the actual vveight to be supported^ 

* The scarp revfetniertt of the face of a ravelin slided into the middle of 
the ditch at Bcj-gae^ St.Vinox, in Flanders, about the beginning of the 
last century : part df the old w harf at Woolwich slided forwards into the 
Thames abbot the ycaf' 1750; and at Juliers, a counterscarp revetment, 
said to hav^ been constructed from time immemorial, suddenly slided upon 
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It is therefore not suflicient towards the stability of a profile, that 
the piles have strength enough to sustain the whole weight of 
the niusoniy, and prevent it from sinking ; unless further precau<- 
tions are also taken, to render it impossible for it to slide forwards 
upon the platform, which serves as its base. 

In order to effect this object, a continued line of exterior piles, 
nearly touching each other, is sometimes driven, ' iinmediatdj in 
front of the revetment, the heads of which, by projecting a little 
iiigher than the bottom of the masonry, will of course effectually pre* 
vent it from moving. Sometimes strong timbers, laid longitudinally 
all along the foot of the wall, are used for the same purpose, which 
must be firmly connected with the exterior piles or grating ; hut m 
tills case it is not neccssaiy, that the exterior piles should be driven 
near to each otlier, as in the former method ; consequently the pre-* 
sent is the most economical exl>e(iieiit of the two. Instead of 
commencing tlie work horizontally, according to the practice 
Avhich is coiTinion and f)roper, in walls not intended to retain eartb,r 
&c., tiie foiiiulatioiis of revetments, particularly in bad soil, should 
always be laid out according to an inclined plane, which must 
necessarily assist greatly in counteracting the above tendency ; and 
when this arningcment is adopted, a part of the supporting piles, 
particularly those tow aids the front, should be driven obliquely, in 
a direction perpeiidiciilar to the said plane, or nearly so. These 
obvious principles have, of late, been generally acted upon by 
Practical Engineers. 


itsfouudatioii, in 1807. — (See “ Science dcs Ingcnieurs/’MiilIei’N 

“ Practical IWlilication,” and Ma 3 niersi “ Trailed’ &c.) 

From a siitiil a^ ause, it laui ol'ien huppened, that even llie sides of hills, 
consisUiig of corHlerable tracts uf land, and ciu ered with Jioiiscs, gardens, 
SiC. have slided t(» a cuiisiderable distance, when the natural stiala below 
the surface have been oblujuOr so as to form inclined planes, falling towards 
a ravine or valley. Such accidents arc most likely to be caused by internal 
water acting upon aii inclined stratum of clay. A. memorable accident of 
.his kind happened in Fiance, in 1733, at Pardines, near Issoire, in 
Auvergne. 
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It is to be remarked, that a continued line of piles, touching each 
other, driven along the front of a wall, Sec*, either contiguous to, 
or at some small distance from, the foundation of the work, with a 
view of securing it, as above stated, are called sheeting piles, in 
order to distinguish them from cominon foundation piles, &c., 
and when this term is used, it always implies half piles, if nothing 
is specified to the contrary. 

As such very bad foundations scarcely ever occur, excepting on 
the sea shore, or on the banks of rivers, or in marshy situations, 
where harbours, wharfs, bridges, or fortresses with wet ditches are 
to be constructed ; it has almost always been found necessary, in 
executing such w'orks, previously to inclose the spot, intended for 
the foundation, by a dam, and to clear out the water from it ; an 
operation which is often the greatest difficulty to be encountered. 

The dams, made for this purpose, are called cofferdams. 
They are commonly formed by driving down two continued lines 
of piles, parallel to each other, at a certain interval, to any depth 
judged convenient, and afterwards filling up the intermediate 
space with clay. Tlie piles used in cofferdams are either called 
WHOLE OR HALF FILES, according to their scantling. The 
former are from 12 to 16 inches square. The latter are rectan- 
gular, being of the same width as the former, but only from 6 to 
inches thick.* In commencing a cofferdam, the general line of the 
work is determined, by driving strong piles opposite to each other in 
pairs, at intervals of about 10 feet apart. These serve as guides for 
regulating the others, which may either be composed of whole 
piles, or entirely of half piles, according to circumstances, the 
latter being used in preference, for the sake of economy, when- 
ever the pressure acting upon the cofferdam is inconsiderable ; 
but, whichever kind is used, tliey must always bAdriven as close 
to each other as possible. Cofferdam piles are sometimes 
grooved longitudinally, or flowed, as it is styled, on two op- 


* When the thickness is less than 6 inches, they are sometimes calle4> 
^ile planks. 
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posite sides, for receiving a vertical rod, called a tongue, which 
connects every adjoining pair of them together ; and any PILING 
thus connected, is said to be dovetailed.*" 

Each line of cofferdam piles is strengthened near the top^ and 
«Iso towards the bottom, by strong beams or ribbands placed 
horizontally, and firmly spiked or bolted : and the opposite sides 
of the cofferdam, vt hich inclose the space intended for building, 
must be connected and braced together by strong transverse 
timbers, butting against the said ribbands, to prevent the piles from 
being forced out of their proper position, by the pressure of the exter- 
nal water ;f and vs hen the length of these timbers is considerable, 
they must either be supported by intermediate uprights, or if that 
is not convenient, they must be trussed, as it is called, according 
to the principle, u hich it has been found necessary to adopt, for 
strengthening the tie beams of the roofs of large buildings. Iron 
bolts, penetrating through the mass of clay, &.C., of which the 
body of the cofferdam is formed, are used at certain intervals, for 
connecting the opposite piles and ribbands, both towards the 
bottom and at top. 

When the depth of water is considerable, it is absolutely neces- 
sary, that the body of the cofferdam should have a certain thick- 


* This expression is used Mitbout any reference to the form of the 
longues, which are usually rectangular or nearly so. Sometimes dove- 
tailed piling has been executed by using piles, plowed on one side only, 
and tongued on the other, wiiicli method is, of course, attended ivitb 
greater waste of timber than the former. 

t In forming a eoflerdain, after the first or guiding piles of each line arc 
driven at open intervals of about 10 feet, as was before stated, one or two 
pairs of horizontal ribbands are fixed to them on both sides, opposite to 
each other, betjircen which, grooves are of course formed ; and through 
these grooves, the intermediate piles arc afterwards driven, which arrange- 
ment is of great use, by confining them in their prf>per position during tlie 
operation. Such of the above ribbands as would interfere with the ota}', 
or other material forming the body of the colferdatn, may afterwards be 
removed, the remainder being left, for the purpose stated in tbe text. 
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Bfess, and weight, in order to enable it to resist the pressure of the 
eiitcrual fluid, especially if it is, at the same time, exposed to the 
direct action of tides or currents : and clay, as being a water-tight 
substance, has generally been adopted for that purpose, as was 
before stated. But it having been found, that a mass of clay was 
liable to swell, and to bulge or brenk the coflerdam piles, within 
which it was inclosed, this material has in some cases been 
rejected, and bricks have been chosen in preference. These, by 
their weight, are well calculated for resisting the action of the 
excluded w^ater, and being laid in horizontal courses, they have 
no tendency, like clay, to injure the woodwork by a lateral pres- 
sure, and consequently a brick cofferdam may be retained chiefly 
by half piles, whilst if clay were used, whole piles would be abso- 
lutely necessary tliioiighont, for the security of the body of the 
work.* But as the former material is not water-tight, like the 
latter, it is necessary, in forming cofferdams watli brickw^ork, to 
caulk the joints of the inclosing piles. 


I believe that this expedient was first resorted to, in forming the eoffer- 
dam for the pier walls of the new^ bason, now' excruting in Flis Majesty^s 
dockyard at Sheeniess, F)y direeiion of Mr. Kemiie. 'fhe body of the l ofler- 
dam is retained by two paraded lines <»f piIo!^,rhieflv consisting id'hsdf piles, of 
from 6 to 8 iiicFies thick, intermixed, in general, at intervals of 10 feet, 
with wh(»le piles of double tliat scantling ; the strongest <»f both kinds, 
and the greatest proportion of whole piles, being of r<»iirse used in the 
deepest water. These itiedose a space of C, or in some parts of 7 feed, in 
width, which is filled with dr> Fuicks built in regular horizontal courses 
mixed with fine sand; and in front, the base of the w'ork is increased and 
strengthened b> a mass of clay, from 8 to 12 feel w ide, w hich is retained 
by a third Fine of files, also eiiiefly consisting of half piles mixed with a 
similar proportion of whole f>i)€s. I'his part of the work is from 8 to 18 
feet lower than the former, with the exception of the whole piles used in 
it, which are of the same height as those of the body of the cofferdam ; and 
which serve tf> support teinpoiary scaO'olds, for the landing and stowage of 
materials. I'he joints of the princifml piles arc caulked. 

The clear width of the space, inclosed for building, as measured from 
front to rear, is about 47 1 feet. The sides of the cofferdam are braced, 
interiorly, at intervals of about 20 feet, by two very strong transverse lim* 
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When the deptli of water, to be excluded, does not exceed 20 
feet, or thereabouts, at high water, and the line of work, xo be 
executed, is not exposed to the direct action of tides or current. 


bcrs or tie-heams, each about feet long;, one at the height of 4 feet, 
tlie other generally at the height of about 21 feel from tJie top; botb of 
whieli arc strongly trussed together by frame work, and butt agkinst hori- 
zontal ribbands not Jess than 1 foot square, fixed to the piles ; to which 
ribbands they are also coniieetcd b\ stnils on caeli side. Some of these 
tie-beams are, for greater strcnglb, formed of several pieces of timber 
bolted together. In proportion as ttie masonry rises, the lower tie-beams 
are removed, an<l shorter pieces butting against each sidq of the wall are 
sfthstitufed instead of them. Strong iron bolts, about lOj or Hi feet long, 
passing tlirongh the briek ^ ork, principal piles and ribbands, brace the body 
of the eodeKlam, bo:li near the bqi and towards the bottom, at intervaU 
of 10 f<‘e1 apiii i. 

I’he top of the exteiior pier nail ewry where on the same general ho- 
rizontal level, bufthc foundation is laid out on diflerent levels, according 
to the deptli of the external water, &c. Consequently, the height of the 
portion of wall already executed varies from 15 to 32 feet. The piles, used 
in the bod> (d‘ the eoflerdam, are on the same level, at top, w ith the pro- 
positi inasoni*} ; and tlicir length varies, in various parts, according to the 
lieiglit of the eoi responding ])ortion of the wall ; but, in no case, have they 
been driven to a less deptli than 10 feet below tlie ioiindaliou of the ma- 
sonry, vvhieb is almost e\ery-\vhere eonsiderably lower than the original 
Jewel of the bed of the river. In those parts ol‘ the work, where the wall 
is about .30 fer't high, the a\erage length of the principal cuffcrdani piles is 
said to be about 50 feel: in oiher jiarts their lejipth is even more than the 
above, partieolai ly near the proposed entrance of the bason, where, in 
coiiseqiieiiee of the greater deptli of water, ike. some of the piles driven 
are said to ha^e been nearly 70 feel long. In those parts, where the 
depth is eonsiderable, before tlie excavation for the foundation of the ma- 
sonry eould be fotnied, it was found necessary to seeuri; both the front 
and rear of the f oil'erdam, iiiteiiorly, by sheelitig piles, driven a few^ feet 
from the base of it. All the wood woik, that lias hitlieito been incu- 
ti(vned, is of jiiiie. 

■^I'lie revetment itself, vvliicli was alluded to in a former note, shall also 
be described, it being the only example, to my knowledge, of a coucave 
pTf^file, that has yet been oxeciiled. The dimensions, that shall first be 
stated, are such as would all appear in a tiaiisverse section of the work, 
supposed to be taken in tliat portion of the wall, where tlie total heJght 
is 3:^' fvet, ihrougb the middle or wid^'sl p sit of one of the cavities or 



680 ELEMENTARY FORTIFICATION, chap.xxvii. 


against it, either perpendicularly 
iimpler mode of effecting the same 
which as follows. 


or nearly so, a second 
object may be adopted, 


cells. The front of the wall is a leaning curve, describod by a radius of 
feet6 inches, of which the pcrpeiidictilar heighf is .'10 feel 4 inches nearly. 
Hie base of the masonry is laid out in front, according to an inclined plane, 
in the direction of the radius produced, to the distance of 4 feet 6 inches, 
within which space it falls about 1 foot 8 inches : after which the remainder 
of it, extending 20 feet, is laid out horizonlally, the total thickness at the 
base being 25 feet. In rear, the wall is Ibriiied with small offsets to the 
height of at least 6 feet upwards, by which IIh; thickness of the work is 
gradually reduced to the dimensions that shall he stated. Above these tlie 
hack of the wall is carried up perpendicularly. The thickness of masonry 
IB front of the middle of each cell is 4 feet 6 inches : the central width of 
each cell is 8 feet 8 inches at top, hut it increases, towards the bottom, in 
j^^eonscquence of the leaning curve given to the front part of the revetment, 
‘^he cells are not continued down so far as the base of the work, hut tcr- 
ninate each, in an inverted arch, the lise of which is aixmt 4 feet, the 
least thickness of masonry below it being 2 feet. 1'lie masonry in rear of 
the cells is perpendicular on both sides, and of the uniform thickness of 
Ifoot 10 inches, above the level of the hc(bre-inriitioiied offsets: ainleon- 
seqoently the total thickness of the work at toj), as it appears in uiir sup- 
posed section, is 15 feet. 

Hie details, that shall next be slated, arc such as would np|M'nr in a 
plan of the work. The. length of the cells, which is supposed to he mea- 
sured in a direction parallel to the geiieral line of the rcvelmcnt, is 17 
feet 9 inches ; and they arc di\ided from c.i(h other h> puititioii walls 
2 feet 3 inches thick, so that their distance from renter to rentei^ is 20 
feet 111 front and in rear, they arc hounded hyveitieal eoiinterarches, 
abutting against the said partition walls as piers. The span of the curve, 
which forms the front count ei arch, is 17 feet, and its height 1 foot 6 inches, 
so that the greatest thickness of masonry in front of the (‘ells is 6 feet ; 
the least thickness, opposite to the centre (if each being 4 l‘e('t 6 inches, as 
was before stated. The span of each of the curves, u liirli Ibrni the rear verti(;a1 
counlcrarcbes, is also 17 feet, and the height of the same is about 3 feet ; 
the thickness of masonry of these last-mentioned con iitcra relics being ge- 
nerally equal to 1 foot 10 inches, as w'as before iiieiitioncd. I'hiis the iy>per 
part of the work, as it appears in a plan, is hounded in rear by a series (»t 
arcs of a circle, so that it is of irregular width ; its greatest width at top 
being 15 feet from front to rear, according to a Tneasur(^meiit snpfiosed 
to be taken over the center of one of the cells, as w as before stated, and 
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This consists in forming the cofferdam, by means of <nii{|^ii« 
tinned single line of piles only, inclosing the space, that is to Bel^ilt 
upon. These piles, not being aided by a mass of clay, bricto^ eg 


its least width at top being 12 feet, which last measurement is supposed to 
be taken over one of the partition walls or piers. At bottom, the width of 
the base of tbc work varies from 22 to 25 feet. 

It is proper to remark, that the iiivertetl areli, bel(»w each cell, is not a 
simple arch, as it would appear in a central transverse section, but a kind 
of irregular elliptical dome ; having a nse of 4 feet and a least thickness 
of masonry of 2 feet below the crown, as was before stated. The front of 
tlie wail is built with large blocks of Aberdeen and Cornish granite, in courses 
of 18, 15, and 21 indies in height, the joints of which radiate firom the same 
center, wherewith the exterior curve is described. All tbc exterior hori- 
zontal joints arc chamfered. The remainder of the masonry, including the 
vertical eouiiterarclies, and piers, and inverted domes, is of brick work, 
llie colls are filled with clialk laid iii courses, and grouted, excepting at^ 
top, where it is proposed lay a continued paving of large flagstones, 
tending over tbc whole work, for the sake of greater strength, The fonn^ 
dations and front of the wall arc entirely cemented with puzzolana, widohr 
is the best kind of water-cement known: and a proportion of the same is 
also mixed with the mortar and grout, used in the remainder of the work. 

In other parts of the pier, where the height is less considerable, the thick- 
ness of masonry in front of the center of each cell is gradually diminished 
from 4 feet 6 inches to 3 feet, which last dimension is used in those parts 
where the height is 15 feet ; and there the thickness of the brick vertical 
coiiiiterarchcs in rear is also reduced to 1 foot flinches: but the total 
width at lop is equal to from 12 to 15 feet, us in the former described por- 
tion of the work: and all other particulars likewise remain tbe same, ex- 
cepting that the width of the cells is of course greater and the base some- 
what less in the low, than in the higher portions of tbc wall; the exterior 
curve being every where described by tbe same radius. It is to be ob- 
served, that the upper course of granite, which forms a cooping in front of 
the wall, is no where composed of pieces less than 4 feel long, although 
the general thickness of masonry in front of each cell is in many parts re- 
duced to less than the above dimension, as has just been mentioned. TTia 
vertical joints of the coping are connected by joggles of the luime material. 

From the details, that have been stated, it will appear, that in its thin- 
parts, the work described will have a base of from i I ths to rather more 
than itiis of its height, and a thickness at top of from ^tlis to nearly i ot 
its height ; so that there can be no doubt of its stability. 

The soil, that was to be built upon, being a kind of quicksand under 
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R?y material, must all be of die strongest scantling, with- 
my mhtiure of half piles, at least, when the depth is consi- 
derable ; end peculiar care must be taken, that the ribbands, and 


md, reqaired particular precautions. The foundations have accordingly 
been secured by round piles of beech and elm, each about 30 feet long, 
and seldom less than 1 foot in diameter, and driven at central intervals of 
$ feet apart, so that there arc generally 9 piles in every running yard of 
fimodation, extending from front to rear. The two most advanced ])iles of 
each file, which support the inclined part of the base of the masonry, are 
driven obliquely, in a direction perpendicular to the inclined plane above 
diem: the remainder are driven vertically. Jn some parts, where the 
foundation was f>ccnliar]y doubtful, the front piles were driven in one close 
continued line, and are iilowcd and tongued Ibr the sake of greater security: 
so that the number of piles, per running yard of foiiriilalion, is there greater 
than the average bclbre stated. Over the foundation ]>iles are laid sleepers 
r the same timber, all about 1 foot thick, and not less than 1 foot wide : 
which arc covered by a platform of 5 or 6 inch planks, also of the same 
kind of w'ood, supporting the masonry. The intervals between the 
sleepers, imlnediatcly beneath the planking, are tilled with nig>stoiies and 
sand. The inoukies of the pile engines used, weighed about 11 cwt. 

As a second example of a coirerdatn attended with considerable diffi- 
culty, in consequence of the depth and rapidity of the water, in which it 
is constructed, 1 shall brieliy notice that wLicb lias been formed, prepa- 
ratory to building the second stone pier of tlie iron bridge, which it is 
proposed to throw over the river Thames at Southwark. I'hc form of the 
coflsrdam is similar to that, wliidiwill be given to the pier itself, being 
oblong and parallel sided, but having the ends curved outwards, in order 
to oppose the action of the tides. The principal piles are from 12 to 1b inches 
square, and are said to be from 45 to 50 feet in Icnglli, and are driven all 
round in two parallel lines, without any mixture of half piles, so as to in- 
close a space of 5 feet, which being (illed w ith clay, forms the body of 
the cofferdam. These piles stand about 3 feet above higliwater mark, the 
strongest of them being placed in the outer line. 

The base of the cofferdam is widened and strrnglbrnrd cxleriorly, by 
a third line of piling, consisting cliicffy of half jiilcs about 7 inches thick, 
which arc about 10 or 11 feet lower at top than the others, so that they are 
covered every tide. The space between tliesc and the line of piling, ^be- 
fore described, is also l.’ilcd with clay, and varies in vvidlh from about 6''vo 
10 feet, it bciiig widest at the ends of the cofferdam, liilcrinixcd with 
these half jdlcs, arc a proportion of wh(dc piles of greater length, placed 
at intervals of ahoiil !) feet apart, which s«'rve l<i pre\(uit barges from in- 
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transverte l>eains, abali be of proper strengtbi and we(l aii|j|ired. 
In this kind of cofferdam^ tongues and grooves, which are ^esc^ 
rally dispensed with in the former, are essentially necessary ; and 
the caulking of every joint must be executed with more than usual 


care.* 


juiing die work, at high water. Extra piles have also been added exte<* 
riorly, in some parts, for the sake of greater streugfli. All the piles, that 
have been described, arc said to be driven to the depth of 15 feet below 
the natural bed of 1 be river. This cofierdarn is also strengthened by tie* 
beams, ribbands, iron bolts, &c., on the same principle as the former one* 
Ihe iuteiior width of the space inclosed b> the eoflerdam is about 48 feet* 

The whole of the woodwork, hitherto described, is of pine. Rouiid 
beecdi piles, 20 feet long, and about 1 foot mean diameter, sleepers of the 
same U(»od 1 foot thick, and Itoiii 14 to 18 in<‘hes wide, and 5 inch planks, 
also of beech, were prepared for suf»porting the masonry of the stone pier^ 
the hrst ('ourse of wliieh, 1 was iiifomed, w'as to be laid about 8 
below the natural bed of the ri\cr; and which was further secured by 4 
continued line of sheeting piles of pine timber, each about 30 feet lonf^;. 
driven all round within the great cotierdam, so as immediately to inclose 
tlie space, that was to be built upon. These sheeting piles were driven 
by ringing-pile engines worked by about 15 men, tlic monkies of which 
weighed 4} or 5 cwt. All ihe other piles, that have been mentioned, were 
driven by f'onimon pib* engines, worked by 4 men each, the monkies of 
which weighed sibout 13 cwi. 

The abo^e e\:iin|>les wiil serve as specimens of cofferdams on a great 
scale ; but I do rod \oiieh for the stiiel accuracy of all the detailed dimen- 
sions, as 1 have no ]>lniis ru '^cetjo^s in iny possession, but took them partly 
from observation, without «*ictual iiieasiireinciit, partly from inquiries put 
to the vvorknnui, who are not always i correct in their information, as 4o 
the details of W'orks, in which they arc employed. What I have stated 
w ill, how eu^r, he siitliciently coirecf, to give a go(al general notion of the 
manner, in w Iiicli such w orks have been executed in this cfiuiitry. 

♦This method was adopted in building the West and East India Docks, 

and llie wharf wallof 1h(' Ho^al Ordnance Arsenal at Woolwdeh, which shall 
. • 

afterwards be described ( See paffc 6116 ). 

In executing the latter work, a reelaiigiilar cofferdam, inclosing a space 
^;.»^ibut 100 feet in length, and 19 feet in width, was first formed; and 
whilst the line of masonry to be built within the above space w^as in piw 
gross, a second eolferdain of tbe same length was fonne<l in cojithmation. 
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; species of cofferdam may be adopted, pumps must 

%e use for clearing out the water from the inclosed space, which, 
Ui Enj^and, are always worked by steam engines but in 
countries, in which fuel is expensive, other machines are often used 
for the same purpose, which it would be superfluous to mention. 

When it is absolutely necessary, that water should be excluded. 


After the first portion of the masonry was built, the finished extremity of 
ft was connected to the front and rear of the cofferdam, by piles driven 
across the intermediate spaces, with the same precautions as the otliers, 
which being done, the original transverse line of piling that divided the 
first from the second cofferdam was removed. And thus, in every coffer- 
dam, excepting the first, tlie finished portion of the wall itself, eventually 
1»,CCame a part of the inclosure, by which the water was excluded. The 
lime principle must be followed in executing all continued lines of wbarf 
revetment, by means of cofferdams. In the pier wall at Sheerness, some 
of the portions of the cofferdam were 2T0 feet long. 

* In building a long line of wharf, it is always necessary to have the 
pomps near the extremity of the work, for which reason tliey must bo 
moved from time to time, so that they may sometimes stand more than a 
hundred yards distant from the engine, by which they are to be worked. 
The most convenient mode of communicating the power is by an endless 
chain passing round a couple of wheels or cylindeis, one of which is at- 
tached to and moved by the steam engine, whilst the other works the 
pumps. The upper and lower portions of the chain are each supported in 
a position nearly horizontal, by being made to pass over large pullies, fixed 
to frame work erected for the purpose, at intervals not exceeding 30 feet. 
In proporiiou as the pumps are moved, the chain is lengthened. This 
method has been used in executing the pier-wall at Sheerncss before de- 
scribed, |n which the pumps are worked by a steam engine equal to a 
14-bo;se power. The engine used for the same purpose in building the 
new wharf- wall at Woolwich was equal to a G-horse power. In building 
the first, and in commencing the second pier of the proposed iron bridge 
at Southwark, a 14-horse-power steam engine was used, which proving 
insufficient for clearing the foundations of the latter pier, a IG-horse-powcr 
engine was ordered in addition ; but on trial, one half of the said additional 
power was found to answer. It will be obvious, that great varieties in\i>i. 
power necessary most often be expected to occur, in draining the foun^ 
daiions of extensive works. 
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and at the same time the soil to be built upon proves, 
amination, of so favourable a nature as not to require p^ing, the 
foundation of any mass of masonry of inconsiderable extentmay be 
executed by means of A caisson, vihich is a strong vrater-tigfat| 
flat-bottomed, wooden vessel, open at top, and a little larger each 
viray, than the base of the proposed masonry, the dimensions of 
which will consequently determine its form. When this mode is 
decided upon, the spot, chosen for the foundation, is previously ^ 
levelled, and cleared of superfluous soil, by the dredging machinea 
usually employed for that purpose, in rivers and harbours ; which 
being done, the caisson is towed into its place, and sunk, by letting 
ill the water : and if it appears to be well placed, the watey is 
pumped out, and the masonry commenced by building upon the 
bottom of the wood-work, the sides and ends of which, being 
originally prepared with that view, are eventually removed, when 
the work is raised to a sufficient height. This method, which wet 
used in founding the piers of Westminster and Blackfriars Bridgesi 
is not suitable for military revetments, or other long continued lines 
of masonry. * 


* The foundations of the piers of Westminster and Blackfriars Bridges, 
as also that of the new iron bridge, near Yauxball, were all executed by 
means of caissons of a rectangular form ; but although each of these works 
succeeded, it may be remarked, that the difficulties of the execution would 
probably have been much diminished, if the ends of the caissons used had 
been differently constructed, so as to oppose angles or curves, instead of right 
lined perpendicular surfaces, to the action of the tides. As for rectangular 
caissons or cofferdams, for the piers of bridges, 1 conceive that they ought 
always to be rejected, excepting in still water. 

In building the foundations of works, in tide rivers and harbours, tha 
cofferdams or caissons used, are not always raised to such a height, as 
entirely to exclude the water at all |>eriodB of the tide : but are sometimes 
only made a few feet higher than the common low water mark. In this 
/c&Cf the water is pumped out about the time of low water, to such a depth 
as to allow the masons to work, who continue as long as the tide will 
permit them. Masonry, thus executed, is said to be built by tide-work. 
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Of lalxey the divbg bell has also been used to advantage in 
l3m cooxktryf for preparing the foundations of walls to be built un- 
der water, when it has either been judged inconvenient or iniprac- 
tiealile to form cofferdams.^ 

The w^hole of the foundations of the revetments of the fortifica- 
tions of Portsmouth and Portsea were secured by means of piles : 
tmd the same expedient was 
used in the new wharf wall 
of the Royal Ordnance Ar- 
senal at Woolwich. This 
last named work, of which 
the annexed figure represents 
general section, having 
no counteiforts, lias been 
faniit considerably tliicker, in 
proportion to its height, than 
the generality of works of 
the same dcscripiion. In 
this profile the exterior slope is iii the proportion of ^th ; the wall. 



• In another flovoriiiiicnt wharf, now about to be, built at Slieerurss, bj 
direction of Mr. Kcniiie, wbicL, wlicn fuiisbcd, in to be gi^cii o\cr lo llic 
Orduaiice Department for a Gun wharf, inM-tilfeubims arc to be used, but 
tbe foundation piles, when driven, arc lo be cut oil', ami the sleepers 
and platform are to be fixed by workmen descending in diving belU ; the 
bottom being prcAiously cleared and levelled, if necessary, by the same 
means* Ibc stones prepared for tbc Ibundalioii are about 10 or 11 feet 
Jong. l?y iTicaiiii of a siin]>!c piece of machinery, they may be lowered 
into the water with great nicety, nearly over the precise spot, where eaeb 
is to lie, after which the workmen will descend and rectify their position, 
if necessary, and apply the cement, This ingenious expedient b^, I 
am informed, been already used with success by the same civil Engineer, 
under similar circumstances, in extending Ramsgate pier. I am not aware, 
that the diving boll was ever before applied to any purpose of much prae- 
tical utility. 



WOOLWICH WHARF REVETMENT*. «8j* 

which is perpendicular in rear, i^ 22 feet in total beighi^.$EMei^ 

dation included; and 9 feet thick at the top, and 12 &et 

at the bottom, at the height of 2 feet above which, there b aa ^ 

offset of 3 inches ; so that the mean thickness of masonry is very 

nearly equal to one half of the total height. There are five lines 

qf foundation piles in the width of the section, corresponding with 

the thickness of the wall, as shown in the figure; of which the 

exterior pile is driven obliquely, so as to agree with the slope 

of the exterior surface of the masonry nearly, whilst the rear one 

is driven vertically. All the foundation piles are 12 inches square, 

and their average length or depth is from 14 to 16 feet. Each 

file of them, as it may be termed, is connected at top by* a 

sleeper 12 inches square, notched on its low'cr side to the depth 

of I inch for receiving tlie heads of the piles. These sleepers 

% 

support a platform of 4-ineh planks, that forms the base of the 
masonry, as also a burter or longitudinal beam 12 inches square, 
placed in front of it, to prevent the sliding motion before men^ 
tioned. This is further counteracted, by the form given to 
the foundation, which has been laid out according to an in- 
clined plane falling towards the rear, and nearly perpendicular 
to the exterior slope of the wall. The two detached piles, in 
front and rear, represent the two lines of cofferdam piles, that 
were used to exclude the water. Sic., from the excavation, whilst 
the foundation was forming : those in front were originally from 
32 to tX) feet long, and at top stood equal to the revetment 
itself in height, but were afterwards cut off level with the 
common bed of the river Thames ; w^hilst those in rear, w hich 
were of the same scantling, and from 24 to 2(j feet long, were 
left standing, to a much greater height than the former, as re- 
presented in tlie figure. The cofferdam and foundation piles 
were of pine; the remainder of the wood-work, that luis been 
■described, being of oak. Trenails of the last-mentioned wood 
tvere used to connect the various timbeis of the foundation* 
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tOgi^Mr. The naeoniy is of Dundee stone, backed with brick- 
work.* 


• The dimensions of tbe wharf walls, built by direction of Mr. Tel- 
ford, in the harbours of Aberdeeu and Dundee, are as follows. Tlic 
profile is of the common sloping form, its exterior slope being in the pro- 
portion of ^tb nearly. The average height was 16 feet : the thickness of 
masonry at top, below the coping, 4 feet : the thickness at bottom 6 feet, 
with an offset at about .|.d of tlie height, measuring upwards. The masonry 
connsted of large stones, backed witli thin stoue rubble: tbe counfer- 
forts, which were also of stone rubble, were 3 feet square, 1 foot lower 
than the back of the revetment, and placed at central intervals of 15 feet 
They were each connected to the revetment by limber ties, in two places, 
at different heights. In some parts tbe height of the profile increased to 
, ikt feet, and there the thickness w^as of course augmented in proportion. ^ 
iKneath the lowest exterior coarse of tlie revetment, was laid a longitu- 
dtnal course of 4-incli planks, resting on piles placed at certain intervals, 
besides which dovetailed sheeting piles were driven, in several parts, along 
foe front of the base of tbe masonry, above which they projected a little, 
'jk order to prevent it from sliding, or from being undermined by the 
action of the water, or otherwise. 

These whaifs were executed by tide-work, whereas most of tbe former 
works of the same description, that have been noticed, in this or in the 
preceding chapter, cither have been, or are to be executed by cofferdams, 
totally excluding the water. It is to be remarked, that the system above 
described, of securing the foundation by one line of piles only, immediately 
beneath the front of the base of the masonry, has also been adopted in other 
works of a similar nature, in which the groiiiid, although somewhat soft, 
was rather of a favourable nature than otherwise. 

In all wharf walls, it is necessary to protect the front of the masonry hy 
strong pieces of timber, capable of fending off ships or barges, from 
whence they arc called fender piles, being almost always placed verti- 
cally. Those used in the new wharf at Woolwich are 12 inches square, 
and placed 12 feet apart, and arc secured at bottom hy stone corbels, pnv 
jecting from the body of the wall, to which they are fixed at top, by iin^tai 
bolts or cramps ; and this is the system most commonly followed. In the 
West-India Docks, a different arrangeinciit has, however, been adrqded, 
as a couple of courses of fender beams have, for the same purpose, bocm 
fixed horizontally, along the whole front of the wall, at the distuueo «»f 4\^ 
feet apart, tbe uppermost of w hieli is placed about 6 feet lower than the to]» 
of the masonr>\ 
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it may easii]^ be eoiioeived, diatbetweea softmudf 
it fottmiation of pHes^ plaiiki^, 8it«, such as has been desci^0||^ ; 
hod rock or very tenacious eartli^ in which no wood-work^ wtatevd^ 
is necessary ; there may be many lutermediate qualities ol ioS. 
And in some of these, piles may be dispensed with, as it will be % 
sufficient precaution to lay a platform, consistn^ of a dotible floor- 
ing of planks, crossing each other at right angles, under the wlmle 
of the foundation of die masonry ; which planks may^ m beffM 
Oases, be placed at intervals, so ae to form a grating. 

This expedient is not, however, by any means appCedlde le 
revetments, or retaining walls, when the soil to be built upon, k ai 
all doubtful: because in these, independent of the actual we^kt of 
the masonry, which must always cause it to sink more or less, tlie^ 
is also a pressure of earth in rear, which, for a reason stated t#;0 
former chapter, is often liable to vary, sometimes producing Wt/k . 
or no effect upon the wall, at other times tending to overset it 
great violence, and that not generally, but partially. 

But it is to be observed, that in soil, in whidi it would not be 
safe to build revetments, properly so styled, without piles, the 
simple grating or platform may often suffice for securing the foun- 
dation of any substantial building or mass of masoniy of limited 
extent, which is not like a retaining wall^ exposed to a partial or 
variable lateral pressure, on one side only. When tUs expecBuiit 
is adopted, in the construction of a tower, the base of the work 
should have a continued foundation of solid masonry, throu^out, 
connected to the exterior walls, by inverted arches. This arrange-* 
ment, which has actually been adopted in most of the Martelio 
towers, built in this country, by binding the whole mass into one 
body, will take away all tendency to crack, which might otherwise 
arise, either from some difference of consistency, in various portions 
of the supporting soil, or from some inequality of pressure on the 
part of the masonry : and by increasing the base, it will, at the same 
time, gieatfy ffiminish the sink^e, for which reason, ibe. grating 

VOL. II. Y T 



m ELIMBNTOIX FORtmCATlON, cnx^.xxyji. 


nierelf9,be,i:pnUnued i^ntirely mider tbe ivbo}e foundaljon 
. t<;»veri;but fibould project aome f^tbeyeiBd k on every aideK Itf 

; th;at the oeoter of fnvity of the whole mm 

should correspond widi the center of the tower, as nearly as pos- 
^ aibie, making the exterior walls of uniform thickness all round ; in 
which case the tower, if it does sink, as must always happen more 
or less ill soft soil, unless piles are used, may be expected to sink 
. ihore^ ^ually> than if this precaution were neglected, , For if the 
thicker on one side than on another, the former, as 
iMnbg the heaviest, will sink the deepest, so that the tower will lose 
itboi^ilial level. To decide in what peculiar cases a simple grating 
^ without piles may be adopted with safety, must of course 

be Idt to the judgement and experience of the .Engineer employed : 
IbiAall' however conclude by again remarking, that to revetments, 
ti)|' general, it is entirely inapplicable: and even for towers and 
masses of masonry, not used as retaining walls, it is of 
g^^uecarious nature, and not to be trusted to without great caution : 
fiir, in building upon very soft soil, I have known several instances 
of this expedient having been tried, none of it having succeeded.’^ 


• The towers, built on the coast of England, weie founded on a great 
Vliriety of different soils, some of which were very onfavcMirahle^ and SO 
these, wooden gratings were always used; which consisted of a double 
eoorse of elm .planks, crossing eacli oUier at right angles, each of the 
planks being about 14 or 15 inches wide, and 6 inches thick* The tniul 
gras uaually cleared out to a depth of two or three feet below tJtb levoi of 
thn proposed grating, and the excavation filled with shingle, apoo which 
theffivl set of planks were laid, parallel to each other, at clear intervale 
of .about one foot. These intervals being filled with diy bricks aaid 
grouted, the second course of planks w^s next laid transversely over the 
tfonpar^ and oonneetdd to it by oak trenails; and the new intervals thus 
formed were also biioked and grouted as before. Thus was formed a 
Itaso, I partly of bricks. anfi.p^tly of wood, upon which the foundation was 
begun wifo Swanwich stones ; the remainder of the woflbeil^ afiterwaida 
«|ij|npletc!d with bricks. , . > 

:,V^I|^/,espeiffeat in all, coses^tccmipletely prevssifod the .meoBiy^l^^ 



tOUNDATIOKS ON INVERTm)^ AR^ES. 

1 shall here remark, that in unfavoorable soil, a 
roundation of solid masonry is also suitable for those spac;^, , 

are comprdiended between the counterforts of simple renitiiient^ 
or between the piers cff eounterarched ones. ^ ^ ^ 


cracking or separating, but in other respects it failed in veiy bad jojU; for 
1 am informed, that two or three of our towers, have not only snide con- 
siderably, but have lost their proper level, by sinking unequally, so ffaal their 
•lopes are quite different from what was originally intended. To tmUd lM 
walls of a tower of uniform thickness, as w as before reeommendedi wiy* 
lessen this tendency, but cannot do it away entirel}', because even the 
of the heavy guns mounted afterwards, must have an anfavourable effect; 
so that upon the whole, a piled foundation is the only precaution tbnt egm 
thoroughly be depended upom 

* It is also useful, and indeed often absolutely necessaiyr, to have a,COiP< 
tinned foundation of solid masonry and woodwork, piled or not, accordfl^ 
to circumstances, under docks for the Vepair of single ships, as also nhAlur 
the locks of canals, and all other small basons, from whence the . 

water is at times to be excluded by means of flood gates: and 
foundations, when the breadth is small, may be composed of a single 
inverted arch ; but when the breadth is very considerable, those parts only 
are curved, where the masonry of the foundation adjoins to that of tbe 
side walls, so that in the section of a work so constructed, two distinct 
portions of an inverted arch appear, which are at some distance from each 
other, and are not connected by any continued curve, but by a i%fat line. 
The masonry of works of this description is usually made stronger than that 
of common wharfs. Ibe reason is, that wben a body of water is shut out, 
by artifieial obstacles, from any s|)ace, much lower tlian the level ef its own 
suifooe, if the fluid should be able to find some weak part or aperture, in or 
beneath the masonry or woodwork, by which it is excluded, it will endea- 
vour to break through, with a force proportional to the diflference of level ; so 
that, nnlesa tbe walls and foundations of such works, as have been mentioDed, 
are of more than usual thickness, as well as of good materials, ind executeid 
with great care, they are liable to be blown op, as it is called, and in part 
destroyed, or rendered unserviceable, by the foroe of the \vater. Accidents 
from this cause have often happened in great works. To secure the 
foundations of the floodgates, which are in opposition to tiie exchuMl 
water, and wfaioh^ro considered tbe most vulnerabio part, a transverse 
row of dovetailed piles is generally driven in front of them, that is to say, 
mi the exposed aide, and sometimes another parallel row Is added in tear. 
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SiichfbQndatibm ^odd 
yifi^ fei;^ed by ' diverted 
arcii^^abUttiiig again^^ 
said i^uiitbrforts as piers ; 

&^*^anner shown in the 
tntiexed 6gures, of which 
one represents the rear 
devEtioo of the masoniy 
odjTi of a common revetment, the other of a counterarchcd reve^ 
Oien^'lttvwg foandations so constructed; an arrangenient, which 



be of advantage, even 
{des are used ; for 
hy distributing the total 
'w^sight of masoniy, to he 
Si^^Tted, over a greater 
' nMiib of them, it must 
:^l(^tly diminish the 
j^awure upon each ittdi- 
iddual pile. With respect 
to the counterarched re- 
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fii the locks of canals, a continued foundation of solid masonry is not 
always used, throughout the wliole extent of the bason, hut only in tbosr 
^^ious which are ithmediafely beneath the two Ibmd-gates. 

*^'e banks and boUbms of canals, and ponds, are render^ waterti^t 
bV^puddfin^ them, as it is called, which expedient may also be used to- 
Mvamage j]q certain cases, in military works, and shall therefore he dc- 

Ihiddie^is fbi'A'ed by taking a quantity of earth, and niixihg it up with 
water, gradually poured upon it, to the consistency of mortar for buikliiig. 
ft is a'^iied'^'tb the spot intended, in horizontal layers or dourscs of about 
inches ta'dl^tii, and k tniked by men treading on it with mud boots,. 
aWd sit^iilig ^ with sfiovists^ Each kier, when sufficieq|||y worked up, is 
to until' man may stand on it without sinking; then a second 
of the' same flnckUess is applied above ilie fbrnier,. care being taken 
theni'Weit Itifring abd wettiiig the surface df the oiis^nat work. 




FouNDAtrt^iirs oil 


in particular^ represented in our second 6gurts, I cimceivc 
it to be preferable to the concave profile^ described in die 
rcbapter ; which last-mentioned construction may also be ^ 

eoft soil^ with the same view of increasing the base, and diefl^by 
/generally distributing the vertical pressure, upon a piled foundai^m. 


It was remarked in a former chapter, that retained ear^' aeldoiin 
presses in an unfavourable manner upon revetments, 
when it has been acted upon by frost or rain. And indee^i 
ever faihires in revetments have been known to take place,. aldbtM^ 
they may generally be traced to some defect, either iu the o^tpal 
profile, or in the workmansliip, the immediate and apparc^jt 
has almost always been a violent rain storm, or series of continued 
bad weather. It is therefore of the utmost importance, to sectuae 
works of fortification against such accidents, w'hich canj 
done by a judicious system of w^ell-constnicted drains; 
further precaution, all the slopes of parapets, &c., she 
sowed with grass, it having been found by experience, that vego(|jh^ 
tion is very useful towards the preservation of earthen works^ atleaid 
ill a moist climate such as that of England. * 



iutd ilias the fH-ocess of puddling Is continued in successive layers, tolho 
required height, three feet being iu all cases a sufficient thiekness. Qlay 
and garden mould, or vegetable earth, are pot good for forming puddle ; 
tlie best kind of earth for that purpose being a lightish loam, mixed with 
coarse siuid or line gravel, all particles of which, exceedmg the size of 
ainusquet ball, should be rejected* Puddle, when suffered to become 
thoroughly dry, cracks, and loses its efficacy ; but when properly made, 
and either brought into immediate use, or kept moist untif required, it is 
impervious to water. 

♦ As a proof of the tenacity which earth is capable of preserving, when 
it can be guarded from tfaeefiecls of weather, mi^y be mentioned tba 
custdm, which <i|>revail8 at Gibraltar, of building the trails of difVepi^ 
houses with rammed earth, whioh being covered, externally wi^i U noat 
of plaster, are very ditrabler iiotwatlistanding the great violencu ®f ^ 
rahiS which often fall there. JLuAteriy, some of the traverses, oU the fprlh* 
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As the exteruMT nuiface of masomy ohtefiy decays through the 
iMBtionof 'weather upon the joints^ it beccuaes an useful precaution 
to dimittidi the number of these as much as possible, m all the 
horiaontal or sloping parts of the work, wfaiob are the most liable 
For this reason, in wa}ls, built widi brickwork, it is 
^ always proper to cover the top, when exposed to weather, with 
some laiger material, such as a stone copings in the joints of which, 
it is dewable that a better cement than common mortar should be 
use4< If) this climate, about 1 foot of sod-work, over the top of 
a Wall, is a good preservative against the effects of frost ; and may 
therefore be used to cover the summit either ot a counterscarp 
or scarp revetment, built with brick-work, when stone copings or 
cordons ate considered too expensive. 

Having now completely discussed the theory of revetments, and 
adpd as many practical details as appeared necessary, I shall 


fications at the same place, have been formed in a similar manner. The 
above mode of construction is called tapia by the Spanish inhabitants, 
and probably is the best that could be a<loptcd for parapets in a very 
hot climate. Tins Castle of Badajos is partly built in tbe same manner. 

Rammed earth is also used by the nati\es of India in Ibeir fortilications, 
Inaraising walls of this material, which they carry up nearly perpendi- 
cularly, they mix up each course, which is of moderate thickness, with 
water, and after beating it well, they allow it to dry, before another layer 
it applied. These mud forts, as Uiey are called, have often proved groat 
obs^les to tbe progress of our arms in the East. The desperate defences, 
Biikde some of them, are recorded in a book recently published, by an 
oflBecr hi the Bengal Establishment of the East-India Compaiiy^s army, 
mantled Observations on tbe Attack of Mod Forts.” 

That \egelattou is useful towaids tbe presen ation of earthen works, 
is proved by the field works, throan up at Upnor, near Chatham, for tbe 
putpdite of exereisifig the junior officers and soldiers of the Royal £ngi- 
neeb XtenaTtment in the operations of a siege. Such of those field works, 
as.fue^left standiiig, after a certain time, lose their proper form, in con- 
8ei|uence of the eHects of weather, while tbe parapets and slopes of the 
pd^aiient works remain ^ifect, by reason of the grass with which they 
are covered. 




THBCmiBS WmtOIBSr 


<;oiicliide liiis vohinte/^ making jome remaiks' npw iSm Theoi^ of 
Arches, » subject, i4iidi is dbo usually coosidered ma fomife^ 
of a Goupse fortification ; and nvhidi appears to> nte tfoslkave 
been treated,' by nialhematical ' writers in general, iit a ntemier fa; 
no means convincing or conclusive ; for in this important ifM|tairy,. 
as well as in the former, they seem to have built upon hypotbesis, 
instead of having recourse. to experiment. : 

As the investigation of the properties of arches is corlifurij- 
much more intricate, and complex; so the theories, fomMid ^ 
this subject by speculative vi'riters, are more at variance 
other than those upon revetments. But without ^teringinUt^lfaie^ 
merits of the various tlieoi ies of arches, that have bc^n publisbed/io 
the formation of many of which, great talent and ingemuty^fanw^ 
been displayed, 1 sliall confine my observations to one only, which 
has been advanced in this country by some writers of e8tab)Ml|di 
reputation, but which appears to me to be founded on ||||^, 
fallacious principles, that it may be useful to the reader to stiSI^ 
objections to it. 

The doctrine now alluded to, was, I believe, first promulgate^' 
in tills country by Emerson, who, in iuvestigating the properties of 
arches, judged it convenient to consider the several arch stones, aS' 
perfectly polished bodies without friction, and the same preliti^* 
nary hypothesis has since been adopted by some subsequent writete* 
In consequence of this assumption, wliicb forms tbe basis of d»tr, 
theories, they have come to a decision, that semicircular arc^he^, Or 
others, springing from a horizontal plane, should be aitdgetbi^ , 
condemned and rejected, as being unfit for practical purposes: for 
they maintain, tliat by the principles of pure mechanics, any' 
polished body without friction, placed on a horizontal plane of the 
sanve, nature, has no lateral resistance, but may be moved from i% 
place by tbe smallest possible power ; and therefore, they argues that 
the two extreme or lowest arch-stones of die semicircle, or bf any 
other curve, springing from a horizontal plane,, can have up poyrisf , 
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«« ,qtiie);A(r9li 

iirabe9 give 

Fflh infinite we^Ka ^Og p«<> 

. Jlii^iWyaUbopgb Ibis c»Hwlufi«« nui^t c^r^i^ 
slljillljwA w respect 4<i *he iouigmf^ 8rob;«toiie% obowe «^^ioed 
;iEli?>^ of bypotlM^, it wi|i be fouid by expen^ipetiit, .tb«t 
<jlsai|unon freestotte rabbe4 amoodi, but out poUsked^ ^ hid uppn 
phno of tbfs «ame substance, without mortar, will 
power of about two tbvds of it# own weight, to oves- 
<40016 !its lateral resistance ; and if prepared in the manner usually 
i.dmte/^by..wo^|paen for building, tliat is to say squared but not 
..l«ndiied!.t|Ude amootb, it will require a power nevly equal to 
.,|l|pp.«lppnlJM of its ow'oi weight to overcome the said resistance.* 
since the friction of stone, in the state in which 
if. |Miepared for building, is so very considerable, even without 
vast additioaal rosudance derived from the cobestou 
wortar.} t it is not to be wondered at, if those theories of 

»d? — — ; , < 

yrere the results ef « series of nimiercras experitueots, tried by 
, lli% Ift Malta, iathe year Ifps, for the puqioaeof ascerlaiaing: tbis**subject, 
s^nmd stones of various sixes and proportions, and of a soft quality 
reMOfibliogf Batli stone ; the. Ui^est of Mliic^h was 2 feet 6 inches long, 2 
feet wide^ and 1 foot thick, and weighed ^26 lbs. It also a|)(>cared, that 
the frietien ^ lateral resistance of any stone, in opposition to a power, 

- Mltdillg to move It along a horizontal plane, was in ail oases in proporiioti 
^<>te('ifs own weight, and to the state of smoothness of the two surfaces, 
tsUI^ tbmno in contact with each other, as mentioned in the text ; without any 
dimeiirious orsuperGciai contents of thesaideur- 

t 111 tjdm^^xtCtisivc vaults near Buyae in the Kingdom of Naples, said 
^lihhave ^edh'cbtistitiCtedhy the Emperor Nero, which consist of a series 
of groined arches rlfstihg iipbn square tiillars, I observed, that althongh the 
of ^ jdllars was cot entirely away, the upper part of 

iiih^Aiildi>lflay,> toge^ four arches, which de|i|eitded upon it lor 

m fit^-sm any of the others, by reason of the cohesioiiof 
^ Wbea !K%^k Castle wan attacked by the British in tSOl, a 

sMa^ef wii^ tower, foimig a very hole or 
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m a totally exrms^ cbadtuftbo ; «md' au^ 1 obiai^^ 

deciaxon^ before <{a6tiid> ii^aiiiM die' irtb ^ 'of -iJl iwrd*ei _ ■' 

Urom a horizontal plane $ a deculoh» whidt in ^att is ddttrai^^ . , 

by daily eicperience, for it ia scarcely possible tb vi^k 

.seeing arches of this description in a strong and serviddibfe 

and indeed we know, that diere are many instances of 

arches, nearly 12000 years old, wMch are in perfect pfe iti^iii) ^ ,:to' 

jdiis day, and capable of sapportihg the greatest 

that can be applied to them. 

It 13 further to be remarked, in opposition to iftie said^ ftibbiSss^ 
that the piers and abutments €3€ arches are, in real 
ninety-nine cases out of a hundred, built Of the samb 
whether stone or brick, add are cemented with die satiiid Idbitf Ol' 
mortar, as the arches themselves. « If therefore, the st 
arch are to be considered as perfectly polished tiodies 
tion, it follows, that die stones of the piers, which are Of ^ 
the same nature, ought also to be so considered, otfaerwke IbO^ , 
theory most necessarily be inconsistent wkh itself* • But ns 
cdtu'ses of masonry in the piers of ardies are always' 
zontally, ^ each of the uppermost stones of the piers of a'pml&p« 



- ■ ^ . — 
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t^eniug in the wall, and yet the upper |iart of the aiasooiy at^od^fiiHlihlbNn 
the same cause. Every ode may have had an oppwtuaUy af «hserwng»lii 
walls built on the sea coast or on the hanks of livers,, that fh^ are oAstt 
Qndenniaed, to a considerable extent, by the water; . and yet jtbat the 
upper part of them will remain good. For oxample, about 190 supeaidjal , 
feet of the foundation of one of the exterior walla of Rocheat^; rCfuitie 
have been entirely washed away by the Medway, and yet the rest pK ^ 
walk although thus underminod, remsuns, perfectly firm. 

^ It is well known, that niaaoniy, in general, is built inimriaontalca i i w ia , 
without laking any precaution, further than what arises ^oathawrMk^ 
and friction of the materials, and the cofaesiQaof the mcatarriaoidarihll|l^ 
vent a lateral motion ; and, indeed, these is ne^dmsfypreamn^^m , 

thateanpoindbly acst apod amass of maaonsy* of a carlpinwdWIfej, ,si^ 
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fici^rriiaimdQM &rdb)Hmt 8 upon a plane ; and. eoxu*^ 

^pMady^ if liie aindielioiies are eritliot^ Inction, diey can liave no 
.liid) 0 ttd^Wi«idanqey or in Qd:nr ivordsi thej can have no power^wha^ 

?tf>y 'Mi ' ‘ ' i ‘ - ^ t 

of a Ibridge, that will ever cause the upper p^t of the sai^l mass to 
/jpqpwa^ irom the lower part of it, by moving horizontally upon tbc course 
wtaedHately beneath. On the contrary, when walls have fafted, froni a 
4ae«treagth, whether as piers or revetments, diey have ahvays 
asunder in a very different manner from the aimvo, the (rao* 
irregular and oblique, never horizontaL 

1 ',^- “ ' ■" 


i are, therefore, only two cases, in common use, in which precaii* 
to prevent a horizontal motion: 1st. In thin walls tho 
heiijhhiOf^winoli is inconsiderable, such as the parapets of bridges, it is 
r^tnoal to eonneot ail the adjoining stones together, by iron cramps or dowels 
bedded in lead ; a precaution, which, in higher or more substantial walls, 
superfluous, ddly. In forming the shafts of columns, when com- 
several pieces Or horizontal courses, of stone or marble, it is 
nee into each joint, a joggle of a cubical form, of bard stoud 
9, which is let, one half of its depth into the lower, and the remain- 
into the uppermost of the two stones, that are to be put together : 
dfrlhd portions of the column being previously mortised, both at top and 
- Itttlisllk, fbr receiviDg the said joggles, which break the continuity of the 
litdizUiiital'jcrints, and when properly fitted, most, therefore, effectually pre- 
vdlit all lateral motion. 

■ ’Aif fdthoogh not usual in common buildings, excepting in the two cases, 
Aat have been stated, such precautions have sometimes l>€cn carried to 
a gr^ eXtHlt, in buildings of a peculiar nature, that require extraordinary 
isdiw In their constructibn, as being expo.sed to more than ordinary risk. 

bdiistradtioh of the hlilystone lightpbouse, in particular, affords an 
dft68Wpfe off a Combination of all the most effectual means, that could liavp 
Imil'bd'^ted, for uniting the several component parts of the edifice 'into 
body with the rock upon which it is founded. In the lower 
^ iltfff iolid part of thu tower, ilie various stones of each horizontal course, 
' 'itife’yi tfovdtallc'd into each other ; one large center stonc^ from whence 
Ihcy radiate, formi^ Ibe whole ; and thus the numerous pieces, 

course, are united, as it were, into one largo 
onbiii are^ by Ibe same method, solidly grafted into 
JSabh' course^ IS pinned down to that immediately below it by 
'itrbujillb,' ' tw^ of which are driven through every stone, besides 
; tha'hatizbn&f joints is broken by marble joggles, 



THEORIES OF ARCffiSB/ M ^ m 


ever of misting the tbingt of the arch stoneiu TharaSm hy thdi^ 
own dicory, when k comes to be faklj af^iplied, ike pareboBcy 
catenarian, and other arches of eqailifaratbn, reconuneBdedflqr^ 
the mathematical writers, alluded to, are liable to the very same 
objection urged by them against the semicircle, that is to aaj^ 
unless their piers are loaded with infinite weight, these ardhes 
ought to give way. « 

1 thought it right to make these obseivations, in order 
young Engineers, and others, who may be employed in ptvt0Slll 
arts, on their guard against a theory, which having been matntiuiied 
by men of merited reputation, might continue to make an i^prfpp* 
sion on the public mind, so long as k remmned uncoolmertqi^ 

h 


both In the reiitci, and at certain inten'als, towards the ciicomthifMIIMh 

in tlie hollow parts of the tower» the yaiious stones, composing 

lar wall, not being more than 13 inches thick, are seenred not. r. 

marble joggles, but also by iron eramps, but without trenails ; 

particular courses of llie circle, against which four flat dome aim^Hl ' 

about 12 feet span abut, are strengthened by endless Iron chains, 

means of melted lead, into a circular groove, cut all round in the 

of the masonry ; which has been thus enabled to resist the lateral. pmiSMW 

of the said arches. These are of a very peculiar construction, the joints 

of the several arch stones being not only cot according to die emy^ffot 


also in a di»ve1ailcd form. The central stone of each arch, with w!u(^„f|t 
the others are connected in this manner, is perforated by a cpipalv 
way, wliieli serves fur the poipose of communication. Such are 
ral precautions that wore adopted to consolidate and secure this 
edifice, which is built on a small rock usually covered at high w^er, 
in a poffect calm, in a situation, which in a gale is exposed .to the ^ 
violence of the Atlantic Ocean. All the exposed parts are built of Confii^ , 
moorstonc or granite, the interior of the solid portion of the tow!er,on]|y^;> 
being of Portland stone. The cement used was Puzeolana, mixed/Wj^ 


Lyas lime, in equal proportions. . , 

It is said that in Blackfriars bridge, built by Mr. Mylne, not on(yJ|||^ 
horizontal joints of the piers, but also the oblique joints of tbe.arqh 
have been dowellcd by cubical joggles of hard stone. 1 am not 
this expedient has been adopted in the construction either of thf 
arches of any other bridge, and, indeed, il apjieam to me tp,h« 
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InldeMl, f it would* b6 'gteitiy for the lienefit of the 

Ittlli, if if wdtt* that every theory, in which matbdHiatical 

X fatf bf d hfe ie «]ipfied Id f^ctieal subjects, diould be disregairded 
MMl kit Mid as a mere speculalioii, 4^ exercise of ingenuity, unless 
m'Vtifhor grounded ilis doctrineg upon^ saj^porled them by^ a 
jjtiMcieot tiumbef of satisfactory axperimeuts, tried by himself or 
iSilkrSe With respect to the strength of arches, io particular^ I 
dDUchade by observing, diet every arch, actually constructed, 
is now standing, in a state of preservation, must be allowed 
CV tM im experiment of the most satisfactory nature, by which we 
■My judge of die proportions and dimensions necessary, for arches 
bf^mlaiiDtlar form. I'fae state of our knowledge upon this subject 
ii dierefore not by any means so limited and imperfect, as upon 
tlfg/onner suigect pf militajy revetmentsa Foi a vast number of 
iJdte on a great scale, and of various forms and dimensions, have 
iy||%kecuted vrith success in every civili^^ed country, accurate 
jlPlPIgtailed descriptions of which can eaj»ily be procured/ so tliat 


bistorieak and practical parts of the article ** Bridge/* in the Edia- 
lltfgh Sttc}eloiiMMlia> written by Mr. Telford, contain ample informatioa 
this isipoitaiit subject. 

Hire the same genUeinaii, 1 am indebted for the dimensiotts of some of 
M'pteilei* of revetments built by civil Engineers in thiM coiiiitry, and 
detbribed'ki die notes to the preceding chapter, which 1 liad uot myself 
idly Upportttoity of aaoertaiaing penonaUy* The various military works, 
#biNe ^dft m eaisfa m s are given in this book, were constructed by officers 
dfdhr Oarpi of Royal Sogineers. Their names are not mentioned, bci'aiise 
#ldM» Wet insdl casesbeen able to discriminate, whether the projects of the 
edbauiateg^^ powder magariaes, towers, revetments, &c., desrnbed, were 
4Man(iiioe4^by die- OoiiMaittee of Forttfications, which is composed of a 
eMdli nimiberof seakr officers of Etigiiieen, acting under an Inspector 
WMeidl, whU alio tHnamadds tira Coips, or whether they may have been 
iUgiptMM^by'ittdiviiiaal officersy commandiag at the various stations, where 
lMef4vMcb irate edivied dm 

wdaiite in etatiiig dimentioBs, because it must be much 
V dtrae sadaflieiofy to those, who have to decide upon projects of new winks, 




llw EnguieerMog *«» manpW ^^;^j|||^||,f^,|ii^ 
of feilurei prpvidoddiatbe doe* not moko d4t)l»^of 
or other proportions, upon which strength depends, less 
Aat have been fottnd to answer nnder raiilur 
Without periling hiesself, with atten^dni^ to diaeevcr 4>fihr« 
of an arch of equilibration, that is to say, one so nicely Jtoteqd vff^ 
its piers, as to be barely capable of supporliog itself, aid nqj|^|| 
more ; a foim which is not to be recomtnendad either for ' 
military purposes ; he may therefore fearlessly adopt eil 


'‘Nj0Pi 




In bavi* doscri|)1ton<t of similar woiku already exepated, before tiiemp'te 
advaeta^ei* oi disad^aatai^ei of whicli mi^y be aaceilauted by 
or by iiiffiiiiy : lliau if they were left to form tbeir judgemeiil^ 
arccmiliig to s<'ii^ral lulcs, unaided by piaclical examples. . ' ^ » 

I sball conclude by dchoiibing the general profile of the revetmeMl^ltflil^ 
newMorks of Plymouth Dock. Tbo scarp revetment is eveiy 
feel hi^li, aud lias a continued exterior slope of |ths but its 
varies iii proportion to the height of earth above it, which in some j|PBpl 
. ^ feet greater than in others. In the former, the thickness of mallrfR|||K|| 
the base is to feet : iu the latter, it is 9 feet € inches. In both 
back of the revetment is built perpendicularly in rear, to the height of 9$ 
feet. From thence upwards, the tiiickncss of the remidiiing A iBet^af 
masonry, being reduced at the above height, by an offset, mios fifom ^ Atot 
6 iuclies to 3 led, which is the general thickness at top* Thai the 
thickness of the scarp revetment, in some parts, rather exceeds ]:thsif dhe 
total height of masonry, whilst in otliers, it falls somewhat shorb oC^thfil 
proportion. The counterfoils arc ail b feet wide, d feet long, and dff (M 
high ; and arc placed at central intervals ot 20 feet apart Tbealmif fraWf 
may he considered a full scaip revetment, as there is no where any gKRil 
height of earth above the masonry. The eountenKnu:p gevntment is hf^ 
without counterforts, and is, in S\nne places, «5 feet high, with ahowt 
of eailh over it, and there it is 9 feet thick at the base. Ip otbiir«pai%, 
VI here the height is 20ieet it is only ? feet Oiick at the base. 
where an exterior slope of Jth, and is perpendicular in rmpienitheliMi 
mean thickness varies trom uhoiit to ^^Ihs, lof the bejgh^ ^ 
few places, the heights, both of the scarp and countnmnaip 
greater, and tjie slopes and other dimensions vary fiw» the 
which however apply to the works in general,, and hie aoeerflinf 
decision of the Committoa of Fmrlihoatiopa. 




tLESU^ASY FOUTIFICATIOW. chap, xtvii. 


antudrcle, dif circnlw sq^raent, the parabola, the <;ate- 

fittian curve, 8ee.^'&c., as he judges conveoieut : for since aA these 
Iwnis, which have been enumerated (and indeed many more) have 
-li^ and all have stood ; it follo«'s, that none ot^ht, in reason, 

.|is hipflltmaiitibna^ and none to be unconditionally 

i^^jiw fa tTed to all the others, but that in one case one form, in another, 
, iMotlier may be diosen, as the most suitable, eidier with a view to 
in ornamental buildings, or from motives of strength, eco- 
fNp^. or conveniency, to others. Thus, for example, to draw a 
prahdcal comparison between the flat circular segment, and the 
fandlKda, whose rise is equal to half its span, the former is, by far, 
die moat suitable for a bridge over a great river, whilst the latter 
may be allowed to be a much better form for a bomb-proof pow> 
''-'der.ttaganne. 
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BRRATA IN HI. 


^gc 407, Note, Hue ?. P#r X^^reod 104 

— 4.50, line 16. Tor jioiiit, S^^rtad point* 4 

— 517, lino 4. For A F— -read Af 

— 558* lioe 7. For G E P — read O C P 

— b6^, Note, continued from the preceding' pigo. 

menciug with the vmds. Compare also 

— 574, T A BLs 11* In the column of staUtitj withont dnsgln. For 55 

— 618, Bocond line from the bottom. For 280, 281« and SS^-'-rfiOid 

294 


Erate the lot 


621, nuLs VII, line 6. For oounterforls equal — read comVu^e^ 
length ^ ^ 

621, KEUABs, line 2. Experiment 401, in Tehie XllJ, alikougk very : 
is not exactly, applicalde to the ca$e, which it hat there been .giieiedjriilf^ 
purpose of proving* The point in question if, heweeef,y«i% proued 
several of the other experiments, contained isi the Tables, 

661, Note, continued from the preceding page, line 5* For Vl.yU^I 
— reodV.Vl.and VIL 









